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Knuey noceswaro nasmsmy
C80ez0 Nepece0  Yuumesn
0p2aRUYECKOR xumuL,
npogheccopa

T'yemasa fuosuta Banaea

INPEJAMC/IOBUE

Oprannueckas XHMUA B Hall AHH Gypuo paseubaercs. Unuceao oprauu-
YECKHUX COCAMHEHHH eXEerofHO YBeJHUHBAETCA HA HEeCKOJIBKO COT Thi-
ca4y. XHMUKH OTKPHIBAIOT BCe HOBhE PEakLiMH, COBEPIICHCTBYIOT Yike
H2BECTHHIE METO/IE! CHHTE32. BhICTpOMY pasBHTHIO OPraHHYeCKOR XHMHH |
€noco6CTBYET 1WHAPOKOe NPHMEHeHMe HOBEAIUNX (H3HYECKHX METOHOB
KaK AAA pasfieneHus CAOKHLIX cMeceil BEIECTR, TaK H AN aMannsa
OpPraHKuecKHX COEAHHEHYH, YCTAaHOBASHMA HX CTPOEHHR, H3YUEHHA
MEXaHH3MOB peakuuil opraHuyeckux coeauuenuii. Ha 6ase cunrernysc-
KOil Oprasigeckoi XHMHH BhIPOCAH H CTalll CAMOCTOSTENLHEIMI pasae-
JlaMH TEOPETHYECKAsA OPTaHHHYecKas XumusA (PH3HYeCKaa opraHHYecKas
XUMHS, KBAHTOBAA OpraHHYecKas XHMH#, CTCPEOXHMUsS), OpraHuyec-
Kuii ananua, GpoopratMudyeckas XHMHS H Ap.

OpraHuyecKas XHMHA CO314eT TeOpeTHYECKHH (YHIAMEHT Aas paz-
BUTHSA TAKHX MCKJIOYUTENLHO BAXHHIX TEXHOIOIHYECKUX OTpachael, Kak
HedTeXUMHYECKHH CHHTE3, OCHOBHOH OPravudYecK#H CHHTe3, TOHKHI
OpraHHYeCKKH CHHTe3, NPOMEILLIEHHECTh HOJMMEPOB, dapManeBTHYe-
cKaf NPOMBILIEHHOCTb U AP.

Opranuyeckas XHMHA HrpaeT BRKHEAUIYIO poih B CO3NAHHH ApHH-
UMIYAABHO HOBHIX BHAOB MPOXYKLUHK H NPHHILNHANBHO HOBBIX Tex-
HOJIOTHA, HOBHIX KOHCTPYKIHOHHHX MaTeDHANOB H (H3HOMOTHUECKH
AKTHBHHX BEIMECTB ANA HYXKJA MEGAHIHHE! H CelbCKOXO03AHCTBEHHOrO
NpPoH3BOACTRA.

B Hacroamee Bpems Bce Goviee COXHOH 3ajayefl CTAHOBHYCA H3Y-
YyeHHe OrpOMHON0 MarepHana OPraHHYeCKOH XHMHH: M3MEHAIOTCA TEope-
THYECKHE NpEACTABAEHHA O NPUPOJE XHMHYECKOH CBASH B OPraHHUECKHX
COCAMHERMAX H O MEXAHU3MaX peakiuii, ROABAAIOTCA HOBHE COSAHME-
HIif, peaklumy, TeXHOAOTHYecKHe npouecck. [lostomy noBonbHO TPyAHO
B yue(HHKe OFPaHHYEHHOTO 06BEMa H3JOXKHTh MaTepHald, COOTBETCT-
BYIOWUT TpeOOBaHHAM NPOrpaMMHl Aidsl XMMHUECKMX CRICXHAJNbLHOCTe !
BRICIUHX YueOHKWX 3aBefeHuii.

TlocenoBaTeNLHOCTE H3NOKEHHS MaTepHaNa B 3TOH KHHIEe OTIMYa-
ercs OT OORYHO NPHHATOR B yueGHHKax. ABTOp OTKA3ancsa OT TPagHIH-
ORHOTO JleNeHHsA HAa alHdaTHYeCKHE H APOMATHYECKHE COSHHHEHHS.
B ocHOBY nocTpoedHa yuyeSHHKA TOJOKEHA KJaaccHuPUKaALUA YIVIEBOAO-
POXOB H X NPOH3BOAHLIX TIO XaPAKTEPHCTHYECKUM IpynnaM. B Hauane
y9eGHHKA H3N0MeH MaTepHa NO YIAeBOJOPOAaM KaK OCHOBE NOCTpoe-
HHs1 J1I060T0 OPFAHHYECKOTO COSHHEHA . 3aTeM CAeAYIOT BYRKLHOHANb-
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Hble NPOU3BOJHBIE YIJ/IEBOAOPOJOB, 3aKaHYHBAeTcs KHHIA reTepoLHK-
JUYECKUMH coeAuHeHUAMU. PYyHKIMOHA/IBHLIE POH3BOAHBIE YI/IEBOLO-
PONOB PACTOJIOXKEHBI OT coefiuHenni ¢ npoctol cBassio C—X K Kap-
GOHU/ILHBIM COEIMHEHHAM M KapOOHOBBIM KHCJIOTAM, T. €. B IOPALKE
BO3pacTaHHA CJIOXKHOCTH (CTENeHH OKHCJEHHs YIJIEPOAHOIG aToMa)
XapaKkTePHCTHYECKOH IpYIIIILL.

HoBbIM siB/IsieTc NOAXO0A K U3JOKEHHIO CBOHCTB OTAGJABHBIX KJIaCCOB
COEIMHEHHH H XapaKTePHCTHYECKHX IPYNN B 3aBHCHMOCTH OT THNA
rHOPHIAH3ALHH 3JEKTPOHHEIX OpOHTaNell YIIEPOHOro aToMa, Hemocpes-
CTBEHHO CBA3AHHOTO ¢ XAPAKTEPHCTHYECKOH rpymnnod. Menoabsobanst
TaK¥Ke NMPEACTABJIEHUA KBAHTOBOH OPraHHYecKOH XHMHH H Pe3yJIbTAThl
pacyeToB NO METOAY XIOKKeJs.

Coenunenna ¢ HECKOJbLKHAMH OJMHAKOBLIMH XapaKTepHCTHYECKHMH
rpynnaMH IOMeIleHbl HENOCPeACTBEHHO Nocje MOHO(YHKUHOHAMbHEIX.
[IpousBoaHbie ¢ pasnMMYABIMH (CMEIIAHHBIMH) XapaKTePHCTHYECKHMH
rpynnaMH paccMaTpUBalOTCA B IV1aBaX, NOCBALIEHHBIX OCHOBHBIM KJac-
CcaM OpraHHyecKHX coequHeHHuH.

B kuure mer crenuanbHO# I7aBbl, NOCBAMEHHOM 3/1eMeHTaM GHOOP-
rainyeckoi XuMHH. Iloutn Bce HeO6XOAUMBIE NAHHBIE 0 GHOJIOrMUECKH
BaXHbIM OPraHHYECKHM COEJMHEHUSAM NPHBeleHb B IJiaBaX, MOCBAILEH-
HbIX COOTBETCTBYIOILLHM KJaccaM COeJHHEeHMH.

Bo BBelieHHe KHUTH KPOME HCTOPHYECKOro 0630pa BKJIOYEHBI KPaT-
KHE CBEJIEHHSA O METOAIaX OUNCTKH H aHa/IH3a OPraHUYeCKUX COERMHEHHI,
O KJIACCHYECKOH 3JEKTPOHHOH TEOPHH CTPOEHHMA M CTEPEOXHMHH, O (-
3MYECKHX METOJAaX HCCJIeJOBaHUA, B TOM HYHCJIE CNEKTPOCKONHYECKHX,
O PeaKUUOHHOH CnocoOHOCTH, TUNAX peaKLHil H PeareHToB, O KaaccH(H-
Kalllld ¥ HOMEHKJAType.

MayueHue Kypca opraHuueckod XUMHH He 0653aTeLHO HAUMHATH
¢ 110poGHOro H3yyeHHs MaTepuana BeeeHUs . C HUM MOXHO 3HAKOMHUTh-
cA MOCTENEHHO, B NPONECcCe M3YUeHHS OCHOBHOTO MaTepHaa.

[TpeumyiecTBa KHUMY, N0 MHEHHIO aBTOPa, KPOIOTCsl B IIPHUMEHAEMOf
CHCTEME H3JIOKEHUA MaTepHasa, 4YTo NO3BOJSAeT BeCchbMa CXA4TO, HO Ha
JOCTATOYHO BBICOKOM YPOBHE 1aTh HCYEPHLIBAOLLYIO HHpOpMAUHO O
BceX BaXKHEHIIMX KJaccaX OPTaHHUECKHX COeJHHEHHH, UX MOJYYEHHH,
(DU3HYECKMX H XHUMHYECKHX CBOHCTBAX, NMPaKTHYECKOM IPHMEHEHUH.

MaTepI{an KHHUI'M B OCHOBHOM COOTBETCTBYET IIPOrpamMme Kypca op-
raHUYyecKod XUMHHM J/1 YHHBEDCHTETOB M TEXHOJOrHMYecKux By3os. He-
KOTOpPbIe Pasfiesibl paccMOTPeHsl GoJsiee rJIyGoKo (3MeMeHTOpraHuyecKue
M a30TOpraHHYecKHe CoelMHeHHs, KapOOHOBbIE KHC/IOTH H HX IIPOH3BOJ-
HBI€, [IPOU3BOJHLIE Y rONBbHOH KHCIOTHI, FeTePOLHK/IHIECKHE COSMHHEHU).

B oCHOBY KHHIH JIErTH KypPC JIEKUH [0 OPraHUYecKoH XHUMHH, YUTa-
eMblf aBTOpoM B PHKCKOM NOJUTEXHHYECKOM MHCTHUTYTE B TEYEHHe
nocaefnux 20 ner, u yueOHOe mocobue, HAMHMCAHHOE ABTOPOM H H3JaH-
Hoe B Pure Ha maTthlnckoM A3blKe H3JaTelbeTBOM «3Baiirane» B 1977 r.
ABrop riyGoko mnpusHaTeNeH peileH3eHnTam Kuurd npod. B. M. ITo-
tanosy, npod. A. JI. F'apHoBckomy u ct. Hayy. cotp. 0. E. Anekceesy
32 TIATe/JIbHBIA NPOCMOTP PYKONUCH H LIEHHBIE COBEThI, HEMAIOo CIo-
cOOCTBOBABIIHE YJIYUIIEHHIO KHUIH.

Asmop

BBeneunue

1. ONPEJEJEHHE OPTAHUYECKON XHMHH
¥ OCHOBHBIE HANIPABJIEHUS EE PA3BUTHUA

«[Ipu nepexone oT HccaeROBaHHHA HEOPraHHYECKHX BeLICCTB K HCCe-
JOBaHHAM OPraHHYeCKHX BeIeCTB XHMUK MONajaeT B COBEPLIEHHO
HOBy®0 001acTh,— nucan B 1808 r. u3BecTHbIE WIBEACKMA XHMHK
V1. Bepuesuyc,— Tak KaK OpraHAYeCcKas XHMUA fABJIAETCA PE3KO OT/IH-
yaouecsl oTpacabio Hayku». Bepueamyc 6LL1 nepBhiM, KTO B Kypce
XHMHH BBLIEIHJ cHelHanbHyw riaaBy «OpraHuyeckas XHMHS».

C opraHH4eCKHMH BeleCTBAMH YeJIOBEYECTBO IO3HAKOMHJIOCH B Ca-
Mblit paHHuil nepuoj pa3BuTHA. OpraHuyecKHe BElECTBA NOMYYaIH
U3 PAcTEHHIl U KUBOTHbHIX OPraHH3MOB. JTH BEIECTBA 00/1alani MeHb-
1ef yCTORYMBOCTHIO, YEM BellecTBA HEXHBOH NPHPOAbI, U UMeTH Gosee
CJI0KHBIH cocTas. [IpuroToBieHye MUY ¥ OAEK AR Ohl/IU NIEPBHIMH XHMH-
YecKHMH IIPOIeccaMH, KOTOpPhIe y2Ke B IPEBHOCTH NIPHBEIH K HOJTYYEHHIO
nepBbIX MHIHBH/yadbHEIX OPFaHMYeCKHX BELIECTB, TaKuX, Kak caxap,
CIIUPT, YKCYC, BUHHEIA KaMeHb, KPACHTENU U 1p.

o cepenurni XVIII B. opranuueckue BemecTBa CHCTCMATHYECKH
He uayyasanch. [lepBbIM XHMHKOM, KOTOPBIH BIVIOTHYIO HAYa/l 3aHHMATb-
cs1 umy, 6b11 K. leene (oxomo 1770 r.}. Jo Hero GbLIH H3BECTHEL TOJbLKO
yeThIpe OpraHnyecKue KHCIOTh: yKcy&uas, MypaBbuHas, GeH3oiHan u
sintapHas. [lleesie U3 NPHPOJAHBIX NPOJAYKTOB IIOJYyYH] BUHHYIO, MOJIOY-
HYIO, JHUMOHHYIO, A0JOYHYI0 M JPYTHe KHCIOTBI, a TaKKe [VIHUEPHH.

Bepuesuyc B CBoeM Kypce XHMHM paccMaTpuBas OpTaHHYECKie
BELIECTBA B OTAEJLHOH IJaBe, IPH 3TOM OCOGEHHO MOAYePKHBA] 60.ib-
1IMe pasiuydsa MLy HEeOPraHHYeCKMMH M OpranuyecklMU BellecTBa-
mu. OH cuuTas, YTO HEopPraHWYecKHe COeJUHEHHUS MOKHO ITONY4UTh B
/1a60paTOPHH B pe3yabTaTe Pas/HYHBIX XHMHYECKHX npespaierui. Op-
raHuyeckHe Ke coelyHeHHs o6pa3yloTcs TOJbKO B OopraHusmax B pe-
3yJbTaTe JKU3HEHHBIX NPOLECCOB, N0J BAMSHHEM TAHICTBEHHOH «KH3-
HeHHOH cHably (vis vitalis). Tak yTBepAujach TeOPHS GUIMOAL3MA, COT-
JIACHO KOTOpPOH OpraHHyecKHe BellecTBa He MOTYT ObITh TOJYYEHbl 13
TIPOCTHIX HEOPTraHHUYECKHX BellecTB. DTa TEOPHs B 3HAUHTENBHOH Mepe
TOPMO3HJIA PA3BUTHE HCC/ELOBAHHH B OPraHH4ecKOH XHMHU. Ho 6uiu
XHUMHKH, KOTOpPHIE OBITAIUCh J0Ka3aTb, YTO OPraHHYECKHE BEIECTBA
MOrYT GbITb NMOJIYYEHBI B KO16aX H3 MPOCTHIX HEOPTaHHYECKUX BElUIeCTB,
T. €. MOryT GbITh CHHTe3npoBaHsl. Boppba Mexky CTOPOHHHKAMHU BUTA-
JU3Ma 4 XHMHKAMU-CHHTETHKAMH YXKe HABHO NPHHAAJERUT HCTOPHH
xumun. Ho sta 6opwba ciocoGeTBOBasNa PA3BUTHIO TAKHX BAXKHAEIX CTOPOH
Opranuyeckoil XMMHH, KaK OPraHMyecKHH CHHTE3 M OpPraiH4ecKni aHa-
Jd3.



[lepBble cuHTe3bl OPraHHYeCKUX BEWECTB yaaa0Ch NPOBECTH HEMEll-
komy xumuky P. Bénepy. B 1824 r. on na6aonan o6pasobanue wase-
JIeBOH KHCJOTHI M3 AulMana, a B 1828 r.— o6pasoBanie MOYEBHHLI
U3 OHaHaTa aMMoHHA. DBruin pa3dpa6orannl mertonst i1s 3JeMEHTHOro
aHanus3a opraHuyeckux coexnHenuit: K. lioma paspaGoran merop
KO/IHYECTBEHHOIO OlpefieieHus a3ota, a 0. JIu6ux — meton onpesene-
HHs yryiepoja H BOAOPOJAA B OPTraHUYecKHX coefuHeHusnX. B cepeaune
XIX B. ObicTpO pacusen opranudeckuil cuures. B 1845 r. I'. KosnGe
CHHTE3NPOBAN YKCYCHYIO KHCAOTY, B 50-e roxsl M. Beptio us npocthix
HEOPTaHHYECKHX BelIECTB CHHTE3HPOBAT MYPaBbHHYIO KHCJIOTY, STHJO-
BLIA CIHPT, aueTU/IeH, GEH30M, MeTaH, a U3 [JIHLUEPHNA H KUPHBIX KHC-
JIOT NOJYYUJI KHUPHI.

Pycckuit xumuk A. M. Byraepos 8 1861 r. u3 metusennonuna nony-
YuJl nonuMep Qopmaiblernia, a Ha OCHOBE NOCJIENHErO BIePBLIE NOJy-
YAJl CAXAPHCTOE BEIUECTBO «METHJICHHTAHY, T. €. OCYLIECTBHJ IEPBLIi
HOJHBIA CHHTE3 CAXAPHCTOrO BEIIECTBA.

OHOBpEMEHHO Pa3BUBAIMCH H YKPEMIAAHCH METOAL KOJIHYECTBEH-
HOTO 3JIEMEHTHOrO aHalH3a OPraHMYECKUX COeIMHEHHil.

Becbma ckopo XuMHRH yGenmiuch, 4TO OpraHMyeckKHe BellecTBa
NOJYHHSIOTCA TeM K€ 3aKOHOMEDHOCTSIM, Y4TO M Heopraumyeckre. Ho
AeleHne XHMHM HAa HEOPrauMyecKylo M OpPTaHHYECKYI0 COXPaHUJIOCH.
Kputepuem penenus cran cocras Bemects. A. Kekyse B 1851 r. onpe-
JIeINIT OPTaHHYeCKYI0 XHMHIO KaK XUMHIO coelluHeHuil yraepoga. Onna-
KO 3TO OnpejlesieHHe He BHOJHE Noc/aeAoBaTtenbHO. EcTh rpymnn coe-
AHHEHHIT yryepoja, KOTopble Bee-TaKH MPUYHCISIOT K HEOPraHHyecKHM
(oxcna m pnoxeun yraepoga, KapGouuabl Merannos, KapGouarth!, Kap-
Gupper). B To Xe BpeMsa BCe MeTa/lJIOPraHUHECKHE COEIMHEHHH MOTYT
OeiTe npuukcnensl K oprannueckuMm. Onpepesnenne, nanwoe Kekyie,
YHyCKaeT U3 BuAYy UPHHUMALI 0OPA30BAHHA OPraHHYechdX COeJHHe-
HUH.

Bounee Tounoe onpenenenne oprannyeckoii xumun 6uito nano K. Hlo-
piemmepom B 1889 r.: «Opranuyeckass XUMHs sIBJSIETCS XUMHeH yrie-
BOZOPOJOB U MX NPOHU3BOIAHBIX». JTO ONpPEJE/]EHUE TOXKE HE MNPOBONUT
Pe3KOH TIpaHMILl MeXKIy OPraHHUeCKOil M HeOPTaHMYecKoH XHMHeid.
Tak, nanpumep, oxcuisl yriepoja Mbl MOXeM paccMaTpHBaTh Kak
HeoprannuecKye W KaK opranudeckue (IPOM3BOJHbLIE METaHa) COefHHe-
Husi. Bosibioe cemeficTBO 3/1EMEHTOPraHHYECKNX COENMHEHMH NpHHAL-
JIEKHUT OJHOBPEMEHHO KaK OpraHHYecKOH, TAK M HEOPraHHYECKofl XH-
MHH (XTPETbsl XHMHS?) .

Bce opraniyeckue coeuHeHNs SIBJSIOTCA NPOM3BOAHLIMA COEIHE-
HH{ yriepoja W BOAOPONA — YIVIEBOJOPOAOB. YTJIEBOAOPOAOB OYEHD
MHoro. [lpu 3amelennn oaHoro uaM 6osee BOXOPONHBIX ATOMOB APYTH-
MM aTOMaMH H/IH IPYNIMPOBKAMK N0OJYyYaeM HOBLIE CoeiMHeHns . AHaMo-
THYHO, 3aMelast YriiepofHblii aToM ApPYrUMu (rerepoatoMamu), MoJy-
uaeM HOBLIE COBJIMHEHHs, B TOM YHC/1€ FeTepouukIuyeckue. Ilpunuunom
IIOCTPOEHHA OPraHHYecKUX COENUHEeHHH gBAAeTcH 3aMelleHue.

Oprannyeckne COeIMHEHHA YACTO KPOME aTOMOB YIJIepoja M BOJO-
poja coaepiaT KHUCJIOPOA, a30T H Jpyrue szaemeHTH. CyiectByer
TaKiK€ BO3MOKHOCTH Pa3/HYHOTO COCAMHEHUS a4TOMOB JAPYT C APYIOM.
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Kaxoe KOHKpeTHOe COefMHEHHe HMEeT OllpelleJieHHOe pacnojiokenne
ATOMOB B MOJIEKYJI€, T. €. HMEET OlIpe/ie/IeHHOe CTPOeHHE, HIH CTPYKTYPY .

[Tonatve o eTPOEHHH (CTPYKType) OPraHMYecKUX COeIUHEHHH H
COOTBETCTBYIOWAs TEOPHA XMMHUECKOT0 CTPOEHHHA (CTPYKTYPHAs TEOP )
BosuuknH B 1858—1861 rr. u Gosburyo posb B 3TOM CIrpasiy paGoThl
Tpex YueHbIX, HMEHa KOTOPHIX BOLNIH B HCTODHIO XHMHH,— HEMELKHH
xumuk A. Kexyae, mortnannckui xuMuk A. Kynep u pyccKHil XHMHK
A. M. Byrnepos. Ha ocrose TeopuH CTPOEHHS CTajl BO3MOXHBEIM OBICT-
pHIH [Iporpecc OpraHHyecKkod XUMUHU.

PasBuTHe Opranyyeckoil XUMHUH HIET 10 ABYM OCHOBHBLIM Hanpas/e-
HHUSM: C OZHOH CTOPOHE!, 3TO DA3BUTHE TEOPETHUECKOH H CHHTETHUECKOH
OPraHHYecKOH XUMHH, a ¢ APYroil — Pa3BUTHE NMPOMBIIIIEHHOrO opra-
HHueckoro cuHTtesa. CHHTeTHYecKas OpraHuyecKas XUMHS 3aHMMaeTcd
NONy4eHHEeM Da3/INuHBIX, B TOM YHCJAE HOBHIX OPraHHYeCKUX COejHHe-
HHil ¥ PaspaboTKOil HOBEIX METOAOB CHHTe3a. IlaA YCHEIHOro pasBH-
THSE CHHTE3a HeoGXOAMMBI HaAEXHLIE METOABl aHanusa. D axTHYCCKHH
MaTepHaJ, HaKONIeHHLIH CHHTETHYECKOHR OpraHyyeckoll XuMIeH, cucre-
MaTH3UPYET M OOBSICHSET TEOPETHYECKas OpPTraHHYecKas XUMHA.
B cBoI0 ouepejib, HOBHIE TEOPETHYECKHE BBIBOIM CTHMYJIHMPYIOT MOHMCK
HOBBHIX THIOB PeaKuuil H HOBEIX K/IacCOB COCJMHEHHIL. B stom 3akmoya-
ercsl eIUHCTBO CHHTETHUYECKOH H TEOPETHUECKOH OPraHH4yecKOR XHMHH,
M Ha 35TOM TBEPJAOM (hyHJAMeHTe CTPOUTCA MHOrOITaXKHOE 3JaHHe Op-
raiuueckoil xumuu. CrasaHHOe WIMIOCTPHPYET caMm XoJ DasBUTHA
XUMUH.

TlepBuiii mepHoOpL — 10 POXKICHHA TEOPHUH XHMHUYECKOTO CTPOCHHS
(1820—1860) — xapakTepusyeTcss HHTEHCHBHHIM ITOMCKOM B 00JacTH
CHHTe3a /A NMOJAY4YeHHs NPHPOAHBIX OpraHHuecKHX BemecTs. Mceaeno-
BAHHS €ille Pa3PO3HEHEl U He OOBEMEEHBl B OOLIYIO CHCTEMY, T. €. (aK-
TOB MHOrO, a B3aUMOCBSI3H YJIOBHTb He yAaeTcs. TOT NePHOA XOpollo
onuceiBaeT ®. Bénep B ogHoM H3 cBoux nucem . Bepuennycy (1835):
«Opranuyeckas XHUMHUS MOXKET ceHuac KOro yrogHo CBECTH ¢ yMa.
OHa npeicTaBjisieTcd MHe IPEeMydHM JIeCOM, NOJHBIM YAHBHTEJbHBIX
Bewieil, Ge3rpasnuHON uamieidl, W3 KOTOPOH HeNb3s BLIGPAThCH, Kyna
HE OCMEJHBACIIECA NPOHUKHYThHY, DTOT NEPHOJA 3aKOHYHJCS CO3LaHUEM
TEOPHHU CTPOEHHS, Ha OCHOBE KOTOPOH H POAMJIOCH HEHCYHCTUMOE KOMH-
YecTBO HOBBIX HpeH.

s nepuosa, nNpeIMIECTBYIOUEr0 BOSHHKHOBEHHIO SJEKTPOHHBIX
teopuit (1860—1910), XapakTepeH OCOGEHHO HHTEHCHBHBI PacuBET
CHMHTe3d, OTKPHITHE HOBBIX KJI4CCOB OPraHHYeCKUX COENHHEHHH, CHHTE3
CJIOMHEBEIX TIPUPOJHLIX BEILECTB. ¥ JAnoCh CHHTE3HPOBaTh TaKHe Bellle-
¢TB3, KaK mpupojuule kpacurend anusapun (K. [pe6e, K. JluGepman,
1869) 1 unnuro (A. Baiiep, 1879), ankanoun nukotuH (A. ITukre, 1904).
PasBuBanach XUMHS CHHTETHYECKUX KpacHTese#, cO3]aBajlCh NepBbie
CHHTETHYEeCKHe JIeKapPCTBEHHBIE BelecTBa. 3apOiHaKCch OCHOBBI CTEpeo-
xumuu (1874).

[lepeoie gecarunetna XX B. OTMeYeHb! BHEAPEHHEM B OPIaHHUCCKY IO
XUMHIO HOBLIX METONOB HCCJIE0BaHUA — (PH3HUECKMX METOJ0B, MpPO-
HHKHOBEHHEM 3JEKTPOHHEIX TEOPHH B TEODETHYECKYIO OPTaHHYECKYIO
XHMHIO, NPOBEJEHHEM HCKYCHBIX CHITE30B MPHPOAHBIX BELLECTB — Ca-
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XapoB, NOJWNENTHIOB, NypHHOB, AyGHIBHBEIX BemectB (3. Pumep).
B 30-¢ roger cospasanach kBautoBas opraHHueckas XHUMHA.

CoBpeMEHHYIO CHHTETUYECKYIO H TEOPETHUECKYIO OPTaHUYeCKYIO XU-
MIIO OTJIMYAET IIUPOKOE MPHMEHEHHE (HU3NYECKUX METOJ0B, KOTOPHIE
OGJIErvaloT BBISICHEHHE CTPYKTYPhl COSNMHEHMSI H HCC/AE0BAHIE MeXa-
HusMa peakunn. CoBPeMEHHAsA OPTaHHYECKAs XUMHSI BOODYIKEHA MHO-
KECTBOM CNENHPHYCCKHX NPHEMOB JJIsl BBEJEHUS ONpeleNeHHEIX IPYII
B OPTAHHYECKHE COEJMHEHHs, 3(pHEKTHBHEIMH METOAAMHU 1J151 pa3LeeHHs]
cMecedl U OuMCTKH BewlecTB. CTabUALHON TeopeTHuecKol 6a3ofl opra-
HUYECKOH XHMHH SIBISIOTCA 3/EKTPOHHAS TEOPHA M MPEACTABJCHHS
KBaHTOBOH XHMHH. B Hacrosiee Bpemst MOXIIO CHHTE3HPOBATH HOUTH
MOBOE CNOXKHOE OPTaHUYECKOe COE/INHEHHE, TEOPETHIECKH MOXKHO npen-
CKa3aTb CYINECTBOBAHWC HOBBIX HEOOGBIYHLIX COeAMHEHHH. CHHTEIHPO-
BAHBI IPUPOJHBIE COEAMHEHUS C OUEHD CIOKHOH CTPYKTYPOI: anKaJou bl
CTPUXHHH M MOP(HH, 3e/IEHBIA MUTMEHT PACTEHHH XAOPODHIA, BHTAMHH
B, (P. Byasopa), nonunentugn ¢ 6oee yem 30 0CTATKAMM aMHHEOKHC-
JIOT: HanpHMep, TOPMOH HHCYJHH UeJI0BeKa, COCTOAWUN u3 51 ocraTtka
aMHHOKHCAOT (I1. 3ubep), pHOOHYK/IEHHOBbIE KHCIOTHI, COCTOALLIE H3
50 u 6osnee nykaeosumnoB (. Kopaua).

Ha cteike gByx Hayk — GHOXMMHH H OPTaHHYECKOH XMMMH — BO3-
HHK/H HOBbIE HayuHble HanpaBJeHHMs — MOJEKyAsipHAas OGHOJIOTHA H
6uoopranvueckas XumHsa. MosexynsapHasi GHOIOrHS — Hayka, cra-
BALLaA CBOEl 3aja4yeil MO3HaHUe NPHPO/b! SIBJEHHIT KU3HEAEATENLHOCTH
IyTeM U3y4YeHHs OHOJOTHYECKHX OOBEKTOB M CHCTEM Ha YPOBHE, mpi-
OJHKAIOIWEMCH K MOJIEKY/IIPHOMY, @ B PAJE CJAYYaeB H NOCTUTAIOMLEM
aToro npeaena. B nepsyio ouepenb 510 Kacaetcsi GEIKOB H HYKJEHHOBBIX
KHucaotr. Duoopranuueckasl XuMHa H3y4aeT OpraHHyeckue BeleCTBa,
Y4acTBYIOLIHE B MPOLECCAX KU3HEAEATENBHOCTH (GENKH, HYKJIEHHOBbIE
KHCJIOTH, ()EPMEHTH, BUTAMHMHEI, YIJIEBOABI, JAHMUAB!, TOPMOHBI, aIKa-
JOHJIBI H AP.), 3aHAMAETCS MOJEMHPOBAHHEM OCHOBHBIX GHOMNPOIECCOB.

C apyroit CTOpOHHI, opraHuueckas XUMUA B HEKOTOPHIX OBJACTSIX
CThIKYeTcs ¢ (HU3uKoH TBepaoro Tena. CHHTE3UPYIOTCS OpraHuyeckKiie
COeJMHEHHd, KOTOPLIE B TBEPAOM COCTOSIHUM 061aAaI0T CBOHCTBAMHU MO-
JIYIPOBOJHHKOB H META/JIOB (OPranuueckHe MOJyNPOBOAHHKH H «Op-
FaHHYeCKHe MEeTAWIb) *. OTMeueHbl C/ydad, KOria mpH HIBKIIX TeM-
neparypax (Huxe 11 K) KpHCTamibl HEKOTOPHIX OPraHHuecKHX coe-
JAHHEHHH 1pUoOpenn CBOHCTBO CBEPXNIPOBOAHMOCTH.

Opranudeckuil cHHTE3 SABMSAETCA HE TOMLKO OCHOBOH OPTaHHYECKO
XMMHH, caMoil HEeOGXOJAMMOH 4YacThio €e Mporpecca, HO H OTPAC/BIO

YBIEKaTebHOH HayuHoil paborbl, KOTOPAsk NOMIHA NPHKIOYEHI M-

TpebyeT BBICOKOTO MacTepCTBa.

JlocTHKEHNs OPraHHYeCKOro CHATE3a HeNOCPEACTBEHHO BJAHSIOT Ha
Pa3BHTHE NPOMBIIIIEHHOTO OPraHHYecKOro CHHTesa. B c¢Bolo ouepeap
UPOMBIUIIEHHEIH OPraHH4ecKHil CHHTE3 M HapojHOe XO03AHCTBO B LEJOM
BLIIBUIAIOT HOBLIE NpPOGJEMBl Tepejl TEOPETHYECKOH M CHHTETHYECKOH
OPraHHYecKoil XHMHeH. 3apOXKIEHHE NPOMBIIIEHHOTO OPraHHYECKOro

* «OpraHuuecKHMH MeTalJaMH» Ha3bIBAIOT OPraHHYeCKHe COemHEHHs, 0~
Jajaomue B TBEPAGM COCTOSIHHH GOJIBIION 3JeKTPHYECKOH NPOBOANMOCTLIO, BO3-
pacTauleff TpU OXJaxAeHUH,
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CHHTE3a CefyeT McKaTtb B Hayame XIX B., Koraa ydyeHele Hauaan Hc-
CNEJI0BATh MPOJAYKTHl CYXOH MEPeroHKH KaMEeHHOro YrJf, OTKPLUIH
GeHaon, ApPyTHE apOMaTHYeCKHE YTJIEBOJOPOAB! H HX NPOU3BOAHBIE H
HCKand Aia HHX npsMenenue. [lonyuenne Gensona B GOMbIIHX KOJIH-
YecTBax U3 JEUIeBOro Chipbs CNOCOGCTBOBAIO H3YUEHHUIO €T0 XHMHYCCKUX
CBOiicTB. B peayibrate 6bl1 nonyuen cunteryueckuit anunus (H. H. 3u-
HuH, 1842) u Ha ero Gase CHHTETHYECKHE KPACHTEJH. IlpousBoacTBO
OpraHHueCKMX KpacHreseil (AHMIHHOKPACOYHAS NPOMBILIIEHHOCTD) Gbl-
JIO OJHHUM H3 MEpPBBEIX MPOMBIILIEHHBIX OPraHHYeckHX cHHTe3oB. [leue-
BLIE CHHTETHUECKHE KPACHUTEIU BLITECHHIH 6o/ee JOPOTHE NPHUPOAHBIE.
Dro OJHA M3 XAPAKTEPHBIX 4ePT NPOMBILIEHHOTO OPTaHHIECKOro CHH-
T€3a — NPOM3BOACTBO MpPOAYKLHH, Gojee JeEBOi [0 CPaBHEHHIO C
NPUPOAHBIMU NPOAYKTaMH, U IPOH3BOACTBO BellecTs, BOOOLLE He BCTpe-
yapxess B NpHpoJe. .

B HacTosilee BpeMs SKOHOMHUYECKHl H BOCHHEIH MOTeHIHaa JioGoro
rocy1apcTBa OLEHHBAETCS, B YACTHOCTH, ¥ I10 YPOBHIO Pa3sBHTHA XHMH-
YecKOH MPOMBILIIEHHOCTH, B TOM YHC/€E NPOMBILIVIEHHOTO OPTaHHYeCKOro
H HedTeXHMHYECKOr0 CHHTE3a, TAK KaK OH BKJIOYaeT TaKHE BaxKHbIE
OTPac/H NPOMBILIJIEHHOCTH, KaK nepepaboTka HedTH, NPHPOAHOTO rasa
H KaMEHHOTO YIJisi, NPOH3BOACTBO CHHTETHUECKOTO KayuyKa, MoJHMep-
HBIX MAaTepHa/0B, OPraHHUECKHX KpacHTelled, B3PBLIBUATBIX BEILECTB,
JIEKapPCTBEHHBIX BEIECTB, CPEACTB A/d 60pbObI C CENbCKOX03AHCTBEHHDI-
MH BpeauTenaMH (NeCTHLHAOB) M T. A.

2. CbIPBEBBIE HCTOUHUKH OPTAHUYECKUX BEINECTB

ITepBHIMH MCTOYHMKAMH NOJYYEHUS OPTaHHYECKHX BellecTB Ghlix XK HBOT-
Hble M PACTUTE/NLHBIE OPraHH3Mbl ¥ MPOAYKTHl HX JKHIHEACATENbHOCTH.
Kaxnplil »KHBOH OPraHusM mpejcTaBiaseT cofoil cBOeoOPasHyl0 XHMH-
YecKyo J1abopaTopHio, B KOTOPOH OCYIUECTBJASIOTCS KaK [pPOLecCHl
cuHTe3a, TaK M pacnaja. B pacTHTe/NbHEIX OPranMsMax H3 NpPOCTHIX
MCXOIHBIX BellecTB (IMOKCHA YrJepoja, BoAa) NOA Bo3JeCTBHEM COJ-
HEUHOH 3HEPrdH CHHTE3UPYIOTCH CJOXKHbLIE OPraHHYyecKHe BeLleCcTBA
(porocuntes). B XKUBOTHBIX OpraHusMax, Hao0OpOT, CHOKHbIE OPraHH-
ueckye BellecTBa (caxapa, GemkH, KHpb) pacnaaarotces Ha Sojee mpo-
CTBlE, 4ACTb N3 HHUX Kak Gbl «CTOPaeT», OTAABas SHEPTHIO H NPEBPAIaach
B CO. u H;0, HO B 10 € BpeMa B OPraHusMe TAKXKe CHHTE3HPYIOTCA
crenupuyeckue GeNKH, JKHPB H APYrue BemecTBa. PacTHTe/NbHBIA MUD
SBJIsIeTCs] [JI4BHBIM NPOH3BOAMTENEM OPraHudeckKux BewecTB. Ocoboe
MecTO B 3TOM OTHOLIEHHH 3aHMMAIOT AepeBbA. [lpeBecuHa H NonyyeHHbe
H3 Hee [e/J0/103a W JIMTHHH SIBJAIOTCA LeHHBIM ChipbeM LIl XHMHYec-
Koii nepepaborku. Tak, HanpHMep, cyXas MepPeroHKa IPEBECHHHl C
JlABHAX BPEMEH MPUMEHANACh AJIsl MOMYYeHHA OPTaHUYECKHX COEIHHE-
HUil, TAaKHX, KaK yKCyCHas KHCJIOTA, METHJIOBHIH CIHPT (ApeBecHbIi
cnuprt), aueroH, GeHosbl.

B Hacrosiuee BpeMsa XUMUYecKas nepepaborka ApeBecHHbl HCNob3y-
ercs B GyMakHOil MPOMBILVIEHHOCTH, B MPOHM3BOACTBE NELMONO3H,
HCKYCCTBEHHOTO BOJIOKHa, KuHodoTonaenxy. KucaoTubiit ruiponus ape-
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BECHHH! flaeT CMechb MOHOCAXAPHJOB, HCHOAL3YEMYK) B NPOH3BOJACTBE
TJIOKO3H, STHIOBOrO COHPTa, ¢dbypdyposna u Apyrux opraHH4yecKHX
COeIHHEeHHUH.

B npupone nmpoHCXOANT HENPEPLIBHLI mponeac npeBpamieHns opra-
HHYECKUX BellecTs. B opranhamax opraHHYecKHe BellecTBa pacnaja-
10Tcst (OKHCAAOTCA) GBICTPO, @ NPH CONPHKOCHOBEHHH ¢ BO3JLYXOM HJET
MeJUIEHHOE OKHCJICHHE H IPYIHe rpouecchl (Hanpumep, rHUenKe), KoTo-
pbi€ BEI3BLIBAIOTCA BO3JEHCTBHEM MHKDOOPTaHH3MOB. B pesyabrare aTnx
npoueccoB 06pasyioTes Kak npocthle Bewectsa (CH,, CO,, H,O, NH,),
TaK M GoJiee CJOXKHBIE OPTaHHYECKHE BellecTBa. Ec/aH mnpespameHue
npoTekaer 6€3 A0CTYIa BO3jyXd, TOrAa O4EHb MEAJIEHHO o6pasyoTcs
Gosee Gorarthie YrJepoioM NPOAYKTH (nponecc obfyrausaidsa). Takum
NyTeM M3 OCTATKOB JPEBHHX PACTEHHH B TeueHHe MHJUIHOHOB JIeT 06pa-
30Bajicsl KaMeHHBIl yroJib.

HPO}IYKTH CYXOH neperoHKH KaMeHHOro yras (KOKCOBaHHs) — KOK-
COBBIf Ta3, KAMEHHOYTOJAbHAS CMOJIA, MOACMONLHAA BOJA — ABJANIOTCA
HNEeHHBIMHY HCTOYHUKAMH VIS TIOTyYeHH s Pa3/IHYHBIX OPTaHHYeCKHX CoeH-
HEHHIi: 6EH30/1a, TOAYO0a, KCHI0A H APYFHUX apOMAaTHYECKHX YIJEBOL0-
pozoB, ¢eHosa H €ro rOMOJIOrOB, NHPHANHA U APYTHX TeTeponuKIHYe-
ckHxX coenuHenufi. Ciaeayer ynoMsHYThb M TakKHe HCTOUHHKH CHIPBS,
Kax ropioule cJaHibl 4 Topd.

B XX B. ¢ KaMeHHBIM yIJeM YCIEHIHO COnepHuyaroT HedTh H NpPH-
poauplfi ras. CoryiacHo HEKOTODBIM TeopHsAM HedTh ofpasoBajach H3
OCTaHKOB JApeBHHX opraHusMoB. ClenoBaTesbllo, HCTOYHHKH 3TOTO
CHIPBSI TOXKE CJeLyeT HCKaThb B XKHBOH npHpoae. B pesyiasrare nepepa-
60TKH HedTH NONy4aloT pas3JHYHble YIVIEBOAOPO/bL, SBJAIOLIHECH He
TOJIBKO TOMJUBOM JJIsl ABUraTe/ell BHYTPEHHETO CrOpamNs H PeaKkTHB-
HBIX, HO ¥ [EHHEHIINM H HE3aMEHHMBIM CBIDLEM AJISl IPOMBILJIEHHOIO
opranuyeckoro cunresa. ['y1aBHOM cOCTaBHOM yacThbio NPHPOAHOrO rasa
ABJfAETCA MeTaH. B HacTosmee BpeMsi HCIOAB3YIOT METaH H Kak IeHHoe
TOIJIMBO, H B OPraHM4eCKOM CHHTe3e (HampuMep, A/s TOJYYEHHS are-
THJIEHA).

B HacroAulee BpeMs MHPOBOE NPOHM3BOACTBO NPOAYKTOB OCHOBEOTO
OPraHM4ecKkoro CvHTe3a 0asMpyercs Ha HCIOJABb30BAaHMH HehTH H npH-
poxnoro rasa (okono 95%). Yroas, caauusi, Topd, ApeBecHHa obec-
neyHBalOT He Gosee 5% nOTPeGAAEMOrO CHIPBA.

XumHueckoll mepepaboTke mnojsepraercd oKoao 5% nobbisaemoil
HedTH H ee npoayKToB. OcTaNbHas YacTb CXKHrAETCsl B PAasJHYHBIX JIBH-
ratefifx H TONKaX, B pe3yJbTare 4ero B BO3AYX BHIOpachiBaeTcs oOr-
pomHoe KoaugectBo CO, (oxomo 20 MH/IMAPAOB TOHH B rof).

Pecypcot nedTy u rasa orpaHnuensl. Pecypcsl yIjisi 10BONBHO BEJH-
Kd. Ha ero ocHoBe MOXHO OpPraHu3oBaTh BbIPaBOTKY CHHTETHUECKHX
pepTH U rasa.

Haspena npo6neMa moHCKOB HOBOTO CHIPbSl Al OPTaHUYECKOTO H
HePTEXUMHYECKOTO CHHTE3a. JTO MOXKET GHITh NPOAYKT (DOTOCHHTE3a —
CaMOro KPYNHOTO XHMHYECKOrO Mpolecca Ha 3emJ/ie — PacTHTeJNbHas
6uoMacca, cOCTOflAS B OCHOBHOM M3 LE/AIONO3HI M 6osiee NMpocTHIX
Yr1€BOAoB (caxapoB). AKTYalbHBIMH CTAHOBATCA NPOMBILJIEHHLIE CHH-
Te3bl Ha ocHoBe CO,. IlosToMy BO MHOTHX JaBOpaTOPHAX MHDA B Ha-
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cTosIIee BpeMs BeayTcA HCCASN0BAHUA MO HCIIONb30BAHUIO COg, pacTu-
TeJbHOH OUOMACCHE, yrias, cJAaHues, APEeBECHHBL AJA NoJy4yYeHHsa Acme-
BOro yrJeBojOpOAHOIO CHpbA.

3. IPOCTEUHIUE METOALI UCCJIOENOBAHUA
OPFAHUYECKWUX BEIIECTB

1. QOUUCTKA OPTAHWYECKHX BELIECTB

IMpu M3ydeHHH OpPraHHYecKUX BEIeCTB XUMUKH YKe 1aBHO CTOIKHYJIHCh
C CYUIECTBEHHBIM BOMPOCOM: YTO CYHTaTh YHCTHIM, HHAMBHAYAJIBHBIM
OpralHyecKHM BEUIECTBOM M KaK €ro MNOJYYHThb?

Oprannueckue BEIECTBA, BCTPeyalollMecss B MNPHPOAE, a TaKKe
rnoJyuapunecs B JabopaTopHAX H Ha XHMHYECKHX 3aBOAdX, OOBIYHO
NPeACTaB/IsIoT cO0OH CMECH HECKONbKHX OPTaHHYeCKHX COeAHHEHHII.
KoMMoHeHTaMH ¢MEcH MOTYT ObITh H HEOpPraHHYeCKHe BellecTBa (codH,
BOZa H J1p.). JIns OmEeHKH YHCTOT:l BEIeCTBa BHIGHPAIOT Takne hu3nKo-
XUMHYeCKHe XapaKTEPHCTHKH, KOTODBIC MEHFTCS B 3aBHCHMOCTH OT
CTEMEeHH ero YHCTOTH H ABJMIOTCH MOCTOAHHBIMH JJIS YUCTOrO HHJH-
BHYa/lbHOro BEINECTBA.

JI19 XapaKTepUCTHKH YHCTOTH BELIECTBA HCIOJAB3YIOT ClelyloliHe
KOHCTAHTH H METOJpl: TEMOEpATypa IJaBJeHHS, TeMIepaTypa KpHcrasn-
JU3aIHH, TEMOEparypa KumeHns, KoxpdHIHEHT NPEeJOMJEHHUsT CBETA,
IVIOTHOCTb, JIAHHBIE CIEKTPOB MOTVIOUIEHHS (K03(hdHIHEHT HHTEHCHB-
HOCTH MOTJAOLIEHHA B 3JEKTPOHHBIX U HH(pPAKPACHHX CleKTpax), AaH-
Hble CMEeKTPOB SIePHOTO MarHHTHOro pesgzanca (SIMP), macc-cnexTpo-
METPHH, XpOMaTorpadHueckuil anais, JOMHHECIEHTHBIA aHaMu3 H 1P.

[Tonyyutsh YHCTOE BEUICCTBO — O3HAYACT PA3JCIHTh JAHHYIO CMEChH
BEIIIeCTB HA UHANBH/Y albHEIE BELIECTBA, OYHCTHTD J0 KEIaeMOH CTeNeHH
YHCTOTH. 3jech Heof6X0AUMO pa3/IHuaTh JBE COBOKYIHOCTH METOAOB:
METOZBI Pa3jeJeH sl CMECH HA KOMIIOHEHTHI, KOTOPBIE €llle HE ABASIOTCH
YHCTBEIMH, H MEeTOALl KOHeUHOH OouHCTKH. CerofHs Mbl 3HAEM METOJbL
pasjesieHHsl, KOTOpPBIe JalOT KOMIIOHEHThI BBICOKOH YHCTOTHI: HanpH-
Mep rasobasi xpomaTtorpadHus, KHAKOCTHAs XpoMmarorpapus nox Bbl-
COKHMM JIaBJIEHHEM.

ToBopsi 0 yHCTOTE XMMHYECKHX BeLleCTB, HYXKHO OTJaBaTh CeGe OT-
UeT B TOM, 4TO abCOMIOTHO YHCTOE BEUIECTBO MOXKHO IIPEACTABHTDL TOJAbKO
TeopeTHYeCKH. AGCOMIOTHO YHCTHIX BELIECTB HET ¥ OLITh He MOxeT. B 3a-
BHCHMOCTH OT METOJa OYHCTKH BElleCTBO COJAEPIKHT ONpejeNeHroe
KosuecTBO npuMecedi. OOLIYHEIMH METGAaMH OYHCTKH MOMKHO JOCTHYb
copepKaHHsi OCHOBHOro BemectBa 99,9. . 99,95%. CrenuansHbIMH
MeTOAMH TJIYGOKOH OYHCTRKA MOXHO YMCHBIUHTb COAEPKAHHE npuMeceil
JUIsT OPraHU4ecKHX BewecTB a0 1073, . .1074%.

Kpucrammsauua. Kpucramiu3anus aBJaseTcs KJIAcCHYeCKHM Me-
TOJOM OUHCTKHM KPHCTA/UIHYECKHX Berects. MeTon ocHoBad Ha TOM, YTO
pasHble BenlecTBa MMEIOT PasHyld DAcTBOPHMOCTb B ONPENeIeHHOM
pacTBOpHTENE, NPHUEM NOHHKEHHEe TeMnepaTypsl (3a PEAKUMH MCKIIO-
YEHUSAMH) OPHBOAUT K YMEHBIIEHHIO PACTBOPUMOCTH BeLlecTB. PHABTPO-
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BaHUEM I'OPSAYEro PACTBOPA OTALMAIOT HEPACTBOPUMBIE IPHMECH, U IOCJE
OXJIaXKA€HHNA BEIIeCTBO BBIAEISAETCS M3 PacTBOPa B BHAE KDPHCTAJJOB.
IToBropHBIE MEPEKPHCTANIM3AUHH OOBMHO YMEHBLUIAKT KOJHYECTBO
npumeceld. Bapuantom metona SBASeTCS Kpucmasiusayua u3 pacniasd.
CH?LLHaJIbeIﬁ BapUaHT — 30HHAA NAQ8KA — TPUMEHSeTCs A TJay6o-
KON OYHMCTKH BeIlecTB.

Bosronka (cyGmumanma). MHOrMM KPHCTANIMYECKMM BelIECTBaM
CBOHCTBEHHA CNOCOOHOCTH K BO3TOHKE, T. €. K NEPEXOAy B rasoBYIO
dasy, MHHYS XKHAKYO0, ¢ TOCAEAyIOell KPHCTAAIU3AHed M3 Ta30BOMH
¢aspl. JTOT METOJ, MO3BOJAET OTIENHTh CYGAHMHPYIONIMACS BeliecTBa
OT HecyOJHMHUPYIOIMXCS NPUMecell W pasfie/IuTh CMECh BELIECTE C Paa-
HBIMU TEeMNepaTypaMn cyOAHUManyH MIH TeMIepaTypaMH KpHCTaNJau3a-
LHY U3 ra3oBoii haskl (epaduenmnas 03201ka). Ecau BemecTsa BOITOHS-
I0TCSL TPYAHO M DPH BLICOKHX TeMNepaTypax pas3jaraiorcs, NPHMEHFOT
BOSTOHKY B BaKyyM€ HJIH B BLICOKOM BakyyMe — 0 0,0013 ITa (10~° mm
pr. cr.) *. BrlcokoBakyyMHass BOSIOHKA B pAasJUYHLIX BapHaHTax
nDpHMeHseTca AJasl TAYOOKOH OU4UCTKH.

Meperonka (pucrHanauus). JIns MHOTHX HM3KOIJIABKUX BelleCTB
H OOJIBUIHHCTBA MMAKHX XOPOLIMM METOJOM OYHCTKH fABJAETCH (hpak-
LHOHHAS MEPEroHKa NPH YCJAOBKH, YTO PA3HHIA B TEMIEPATypPax KHIle-
HHSl KOMIIOHEHTOB CMECH JOCTaTOYHO BeMHKa H He o6pasywrcs
aszeorponHeie cMecH. CeneKTHBHOCTb (3(eKTHBHCCTL) (PaKIHOHHOM
NEPETOHKH MOXHO YBEJHUHTH CHENHANbHBIME [PHCIOCOGIEHH IMU:
Aedaermatopamu, QMCTHIANALHOHHBIMH KOMOHHaMH W ap. Jas Beco-
KOKHMAHX BEINECTB NPUMEHSCTCH 6aKyymHas Hepeeouxa. BapuantoM
MeToja fABJISIETCS MEPErOHKA ABYXKOMIOHEHTHBIX CHCTEM, KOTOPHIE NpH
OXJIAXIEHHH PacCaauBalOTCsl, HANPUMED MEpPeOHKA ¢ COOAHOLM NAPOM.

Xpomarorpagmn. MeToxbl XpOMarorpa@uuecKoro pasieaeHus oc-
HOBBIBAIOTCS HA PAasJIM4HOf CIOCOGHOCTH BeluecTB ajicopGHpoBaThesl Ha
NOBEPXHOCTH COPOEHTA UM PACTPENeNATECH MEXAY ABYMA HecMellHBalo-
wuMucs GasaMH (KUAKOCTb — KHIKOCTb, MKHAKOCTb — Tas), H3 KO-
TOPLIX OfiHA dasa (KMAKas) HAXONMTCH HA TNOBEPXHOCTH copGeHTa.
ITostoMy pasauyaloT pasHble BUAE XPOMAaTorpaduu, a HMEHHO: 3K MIKO-
CTHYIO a[COPOLMOHHYIO H DacnpejeNHTebHYI0 XpoMaTorpadmo, raso-
BYI0 Xpomartorpaguio.

U}Kuafcocmnaﬂ adcopbyuonHas xpomamozpagus OCHOBaHA HA Pa3JIHY-
HOH CIOCOGHOCTH BelecTs cOpOHPOBATLCS Ha NOBEPXHOCTH COpPOEHTa U
AecopOHPOBATLCA MPH NPONYCKAHUH PacTBOPUTENS — 3JI0€HTa. B Ka-
YecTBe COPOEHTOB NPHMEHSIOT OKCHJL AMIOMHHMUSI, KDEMHHEBYIO KHCIOTY
H JMOKCHJ KpeMHHs (CHIHKarenu), TPaHyIHPOBAHHBIE MOMHCAXAPHAEL
(Hanpumep, AeKcTpaHbl) WJH JAPYrHe MOJHMEpE!, KOTODHE B PacTBOPH-
('i)eﬂei Ha0yXxawT, o0pasysi TPaHyJHPOBAHHHIA renb (rejb-xpoMarorpa-

Hs).

OcyiuecTBASIOT pasaesenne AByMs croco6aMH: B Xpomarorpagide-
CKHX KOJIOHKaX H B TOHKOM cJIoe copGenTa (TOHKOCIOMHAA XpoMarorpa-
¢usa). Ha puc. | nana npuHUMNHAJLHAA CXeMa PasfeNeHHa CMecH B
KOJIOHKE.

* 1 MM, pr. ¢1.=133,3 Ia.
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Ha puc. 2 nzobpaxena cXxeMa yCTaHOBKH /1l TOHKOCTIOHHOM XpoMa-
torpaduu. Ha cTexnsiHHYIO IJaCTHHKY HaHECeH TOHKH c/loil copGeHTa.
OH MoxeT GHITh He3aKpeIJIeHHHIM MM 3akpenieHHeM. Ha nnactunxe
MOMelAloT Kamlio PacTBopa CMeCH BewecTB. JJI0EHT Ha MNJaCTHHKY
NOCTYNAeT Yepe3 KanuangapHyLo eb D ocHT S
HJAH )K€ KOHel, IJACTHHKH NPpoCcTO .
[OTPYXKAaT B 3JIOCHT.

Ha niacTuike MoxHO Ha6MoO4aTh
pasjeneHHe cMecH Ha KOMIIOHEHTHE
BHU3YaJbHO HENOCPEACTBEHHO Moc/Ie
xpomartorpagupoBaHusa, ecad  Be-
mecTBa OKpAalleHs, HAH IIocae o6-
paGoTKH XHUMHYECKHM NPOABUTEIEM
(puc. 3), UM Xe, ecnH pasjpende-
MBle KOMIIOHEHTEL cocoOHb! ayopec-
NHPOBaTh, paccMaTPHBAs MAACTUHKY
nojl yAbTPahyoJeTOBOH JTaMmol.

JKudkocmuas pacnpedeaumensnas Puc. 1. Tlownumniazonas cxena
xpomamozpadua ABJIAETCS  PasHo- Kcﬁfm-moimoﬁp pr(l)MaTo;'pacpnu
BHIHOCTBLIO aACcOPOLMOHHON XpoMa-
torpadbuy, B KOTOPOHl copOeHT (HOo-

CHTEJb) MOKPHIT TOHKOM MJEHKOH KAKON-TO KHAKOCTH. DIOEHTOM 0ObIY-
HO SIBASETCHA PAacTBOPHTENb, KOTOPHIM HE CMElIHBAETCH € MHAKOCTBIO
Ha copbenre. [IpH nporycKaHHH 3/I0€HTA IPOUCXOAHT pacrpenesnenie

BElIECTE Mexay KHUAKofl (asofi ¥ 3MOEHTOM. P
5
N )
' 3 o o
| —F &
— =1 P B e —
4 3 a 6

Puc. 2. YcranoBRa JJsi TOHKOCJIOHHOH Xpo-
MaTtorpadnu:

Puc. 3. Tongocaolinasa xpo-
MaTorpaMma:

1 — copbeHT; 2 — nJaacTHHKa; 3 — a3JdK0eHT; 4 — a-nao 3N0alHH; 6 —mocne
KanuansipHasl wenb; § — KphitiKka 3JI0aUHT

Ecan copGentoM pacnpenenuTe]nHofl Xpomartorpapui sBIfeTcs
Gymara (Bosia cOpGMPOBaHa Ha LEIION03€), METON HA3LIBACTCA OYMAk-
Hoil xpomamozpagueti. TIpUMEHSIOTCA TaKxKe KPaxMasd W CHelialbHbe
cunuKarent, ofpadoransble Bojoft. MeTox ocyliecTBasercs B KOJOHKE
HWId B TOHKOM CJO€.

Honoobmennasn xposmamozpagua. B sToM MeTojle B KauecTse copbet-
Ta MCHOJB3YIOT CHelMaNbHEe MarepHaibi — uoHumol. VIOHUTE mpel-
CTABJASIIOT COBOM MOMHMEPH! C KUCJIOTHBIMH HJIH OCHOBHHIMH TDyNIaMH.
DT noJuMepsl B BOjJE HE DACTBOPSIOTCH, a TOMbKO HabyxawT. Meron
NPUMEHHM TOJBKO JJIsl Pa3fiefleHuss CMeCH OpTaHHYecKMX KHCJOT WIH
OCHOBaHHI. BeliecTBa Ha cOpOEHTE CBA3HIBAIOTCH XHMITIECKH (coeobpa-
30BaHMe). B KauecTBe 3JI0EHTOB NPHMEHAIOTCS PACTBOPHI KUCJOT HIH
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OcHOBaHHA ¢ pasnuynsiMd pH. [Ipouece ocylecteasierca B KonoHKax
HJIH B TOHKOM CJIOE,

Torkocnofinas xpomartorpadus fBAseTCT aHAMUTHIECKHM METOLOM.
Kosonounas xpomarorpagus npuMensieTcs B NpenapaTHBHBIX LE/SX.
B nocnennue rogpt paseuBaercs KOMOHOuHast XpoMmartorpabHs HOX JaB-
JeHHeM (3JIOEHT NPOJABIMBAETCA YEPE3 KOMOHKY MOJ BHICOKMM AaBiie-
HHEM H COCTAB 3/OCHTA aHAMH3UPYETCH B ABTOMATHYECKOM PEKHME).
B aToM cryuae MOKHO HCMOML30BAThL AMUHHBIE KOJMOHKH, YTO 103BOJSIET
AocTHYb Gosee 3(pekTHBHOTO pasieneHusi. CKOHCTPYHPOBAHL CIiElH-
albHble NPUGOPH!, KOTOPbIE MOTYyT PaGoTaTh B AHANHMTHYECKOM H Mpe-
NapaTHBHOM pe:KUMAaX.

T'azosas xpomamoepagus npuUMeHsIeTCs 115 PasaeJeHUs cMeceit raso-
O0pasHBIX WM JIETKOHMCNAPAEMBIX XHAKHX M TBEPAHIX Beurects. [IpuH-
LLUI MeToAa NOof0GEH KUAKOCTHO! XpoMartorpaduu. Pasgensemyio cvech
pas6asasmotT rasom-nocureneM (H,, N,, He) u BBOgar B apcopGumoH-
HBle KOJIOHHBL. ['a3-HocHTeNb SBJAETCS OQHOBPEMEHHO PacTBOPHTENIEM
H 3/10eHToM. B KayecTBe COPGEHTOB HCMOMB3YIOT TOHKHE MOPOKH CHIIH-
KaTHBIX MATEPHANOB, KOTOPbIE MOTYT GLITh YHCTHIMH (ra30-a1copOLUOH-
Hast xpomarorpadus) HINM NOKPBITHIMH TJIEHKOH HeJdeTydefl MAKOCTH
(raso-xuurocTHAs Xpomarorpadus). McnonpsynT Takke KamiLIApHL,
TNOKPEITEIE BHYTPH MUIEHKOH HeseTydell ¥HAKOCTH (KanwiifpHasd Xpo-
marorpadus). I'as-HocHTeTb NOCTENEHHO AECOPGMPYET KOMIOHEHTHI

/

Puc. 4. Tlpuruunuaneuas cxeMa ra3oBoro xpomarorpada:

;:perynﬂro-p NOTOKA ra3a-HocuTen1st; 2—TepMocTar; §—afcOP6UHOHHA KOMOHKA;
ACTEKTOP; §~caMmonHcel; 6 ~ycTaHOBKA AU yAapMHBAHHA dpakunit )

CMECH M YHOCHT ¢ ccBoii. [IpucyTcTBUE OpranHYecKHX BellecTB B rase-
HOCHTEJIE M HX KOJMYECTBO OCGHAPYKHUBAETCS NPU IOMOILH ClENHATbHEIX
AETEKTOPOB M (uiKkcupyeTca caMonucuem. B nmpenaparuBho# Xpomaro-
rpauH ras-HocuTe/Ib 3aTeM NPONYCKAIOT Yepe3 CHelUabHbe NpHeMHH-
é}:{xzx B LI;)OTOprX OpraHHYECKHE BENIECTBA YJaBJHBAIOT BbIMOP A:KHBAHUEM

c. 4).

OTUM METOZOM MOKHO IOCTUYD TOJHOTO PasfeNCHHS CMECH. Ilpu ue-
NOJL30BAHUH aJCOPOUHOHHBIX KOJOHH MOBBULIEHHOH MONIHOCTH METOX
NIPUMEHACTCA KaK NpPenapaTuBHLIN IS pasfeneHHs] HeGOMbIUUX KOMH-
uecTB Bemects (1. . .10 1),

Fenb-duasrpauus. Tlpu renb-GuibTpanuu rednb JeHCTBYeT MOA06HO
MONICKYJ/IAPHOMY CHTY, Pasjensis MOJEKYJb B 3aBUCHMOCTH OT MOJIEKY-
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NApHOIl Macchl W pasmepa. Marpuua npeactas/isier coBoif MHOKECTBO
NOPUCTBIX YaCTHL, MEKAY KOTOPBIMH HaXOAMTCHA 3Mi0€HT. Ecall B Bepx-
HIOI0 YACTh KOJOHKH BHECEHA aHa/IU3UPyeMas cMech, To 6OJIbIIHE MOJE-
KyJEl HE MOTYT BOHTH B MODBI MeXJAy YacTHILAMH U 3JOUPYIOTCS nep-
BuIMH. BemecTsa ¢ MOJIEKYJIaMU MEHBILIETO pa3Mepa 3a1eDKHBaIoTCs Ha
Heroropoe Bpems B mopax rens. IlostomMy npu pasjefeHHH cmeci Be-
1ECTB KOMIOHEHTR CMECH BRIXOAAT U3 KOJOHKH B NOPAJAKE YMEHbLICHHA
MONERyJ/IAPHONH Macchl U pasMepa MOJeKyJl.

MeToa OCyLIECTB/IAETCA B BUAE KOJOHOUHOM xpovatorpaduu. B Ka-
yecTBe resiefl NPUMEHsIOT rPaHyJINpOoBaHHbe HalyXiuHe IojaHcaxapiibl
Il ApyrHe noauMepsl. I'enb-QUiabTpanuio HCHOMB3YIOT s Pasje/IeHua
cMecell GUOTOrHueckKux OGBEKTOB (GeTKOB M AP.).

Jnextpodopes. Pasnenenyne KOMIOHEHTOB CMeCH IPH 3JEKTpodope-
3¢ OCHOBAHO Ha DasJHIMH B HUX MOJBHIKHOCTH B IIOCTOSIHHOM 3JIEKTPH-
yecKoM I0JIe Ha KaKoM-TO copGeHTe, OCLIMHO B rese (Hanpumep, B NO-
AMAXpUIAMHAHOM reje). MeTox npuMeHHM J/Is Pasje/CHHA 3apsxeH-
HEIX 4acTHll (KAaTHOHOB WJIH aHMOHOB).

O6paszer, HaHOCAT B BHJE Y3KOH 30HBI HA NOBEPXHOCTL TeJd. [Tpu
HaJOKEHHH 3/eKTPMYECKOTO NOJs KOMIIOHEHTHl MHUTPLDYICT B Tedb.
30HE! KOMIOHEHTOB C PA3JHYHBIMH ITOIBHAKHOCTAMH OT/EJ110TCA APYT OT
Apyra M [EepeJBUrajoTcsl C Pas/IMYHLIMH CKOPOCTAMI uepes Taib B
3O HOHHYI0 KaMepy (HUXKHIOK 4acTh KOJOHKH), OTKY. 4 OHH BLIMbIBA-
IOTCS HENpPEPLIBHLIM MNOTOKOM 3/0eHTa — OydepHoro pacrsopa ¢
onperenedtsim pH.

2. AHAJIN3 OPIAHHMYECKHUX BELIECTB P

Tlocsie TOrO KaK BElIeCTBO NOJYUeHO B YHCTOM BHJE, OHO MOXKET ObiTb
NOJABEPTHYTO JATbHEHIUNAM HCCAEJ0BAHHAM.

[lepBo#i 3ajaucii ABJseTcs KadecTBEHHOE M KOJIHMYECTBEHHOE onpe-
JleJeHHe 3AeMeHTHOrO COCTaBa. 3aTeM [0 JAHHLIM 3JIEMEHTHOro anannsa
BRIYHC/IAIOT NPOCTEHILYIO CYMMapHyio (OpMyay, ONPCACHAIOT MOJEKY-
JAPHYIO MacCy ¥ BHIYHUCIAIOT HCTHHHYIO MOJEKYIaDHYI0 6pyTTO-(hop-
myny. VI HakoHel, 3ak/ouHTeNbHBIM 3TAlOM SIBJSCTCS OMNpEATEHNE
MOJEKYJISPHOM CTPYKTYPbl. TO AB/IAETCA CAMOH CI0XKHOIT 3a7aueid. s
3TOf LEAH HCNOAb3YIOT XHMHYeCKHEe METOoAbl (MocTeNeHHOe paciuen-
JeHHe, TOJYYeHHe NPOM3BOJHEIX), a B MOCIefHee BpeMs Bce yalle
NPHMEHAIOT (PU3UKO-XUMUUIECKHE METOABl (Macc-CNEKTPOMETPUS, pEeHT-
FEHOCTPYKTYPHEI aHAMH3, CNEKTPOCKOMIs BO BCeX €€ Baplanrax).

KoNHYecTBEHHBI M KA4YECTREHHRIM SJMEMeHTHBIA aHanud. Merosnwl
aHAMI3a OPTaHMUECKHMX COefMHeHuit ObTH cosjanbl B Hauane XIX B.,
HO HX YCOBEPILUEHCTBOBAaHIE HPOA0/KAETCs A0 HawMX AHed. B ocuoee
METOJ0B aHa/u3a JEXHT MOJHOe pacllenieHue OpraHH4yecKoro Beuic-
CTBA B PE3yJbTaTe OKHCJIEHHS HJIHM APYTHM NYTEM H OlpejeneHue Xi-
MHYECKHX 3JEMCHTOB H3BECTHHIMH MeTollaMHi. YTJIepPOoA OnpelensioT B
Buge CO,, Bogopon — B Buae H,O, asor — navepenueMm obbema N,
nan onpeaenenrem NHy uau NaCN (B saBrcHMocTH OT BIAA pacuiernJe-
HHS), rajJorelbl — B BHAE I'afOTeHH-MOHOB, cepy — B Bue cyabpaTl-
uan cynawpuia-ucna, dochop — B BHjAe Qocdar-noHa H T. A.
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KayecTBeHHO yr/epof M BOAOPOJ, ONpPEIENstOT IPH HAarpeBaHHH ¢
CuO:

CrHyp 4 3nCuO —s nCO,y 4 nH,0 4 31Cu

U BBIIE/SIOIHACA NHOKCHA yrsepoia OGHAPYXKHBAIOT NPONYCKAHHEM
rasa B pactsop Ba (OH),, a Boxy o6Hapy®uBaoT BU3ya/lbHO Ha CTEHKaX
IpoGUpKY.

A3sort, cepy U ra/noresbl KauecTBeHHO ONPEAEAOT NMPH CIJaBJACHHH
¢ HarpueM. O6pasyromueca NaCN, Na,S u ranorenuisl HaTpusi o6Ha-
PYKHBAlOT B BOIHOM PacTBOpPe OGBLIYHBIMH AHAMUTHYECKHMH peaKius-
MH.

Ina KOMHYECTBEHHOrO aHa/lW3a OPraHMYECKHX COEJMHEHHH Cylie-
CTBYIOT CllelldasibHble NPHOOpBI. PaHblie O6bIYHO NMPUMEHSINCH yCTa-
HOBKH JJ1s1 MakpoaHaJ/u3a (Haeecka o6pasua 0,2. . .0,5 r). B nawm aHu
pacnpocTpaHedbl pasJH4Hble NPHGOpHl JUIsi MHKpoaHaln3a (HaBecka
0,001. . .0,01 r), ana yabTpamukpoaHanusa (HaBecka 10-5. . .10-4r).
I KOMH4eCTBEHHOTO ONpefie/ieHHsl YI/epPOAa U BOAOPOJa HCHO/B3YIOT
npHOOPE!, B KOTOPLIX OPFaHHYECKOE BEIleCTBO CIKHIAIOT B TOKE KHCJO-
pona: CO, ynaeameaior pacrBopom KOH, a H,0 — cneumanbnem
abcopOeHTOM W ONIpene/sioT BapeiiuBanueM. [l KONHYeCTBEHHOTO
OlIpeJie/IeHHsT a30Ta MCIO/IL3YIOT COXKIKEeHNe BelllecTBa IIPU HarpeBaHUH
¢ CuO o 06beM BbIAENHBIIErocs! Fa3a H3MEPSIIOT B a30TOMETPe Hajl pacT-
BopoMm KOH. I"aniorennl u cepy Ko/HueCcTBEHHO ONPEJESIOT COKKECHIEM
o6pasua B atMocepe KHCI0pOja, PaCTBOPEHHEM Ia3oB B BOJAE H THTPO-
BaHHeM TaJlIOTeHHA-HOHOB WM CYJb(haT-HOHA.

PaspaboTanbl aBTOMaTHYeCKHe MHKPOAHAAH3aTOPHL C HCIOJbL30OBA-
HUeM [pPUHIIMIA Ta30BOH XpoMmarorpadui, B KOTOPHIX OXHOBPEMEHHO
OMpeje/fAroT YIJIepoA, BOAOPOL, a30T H Cepy.

MonekynsapHylo Maccy coeuHeHHsi OObIYHO OINpPEIENsioT Macc-
CNIEKTPOMETPHUYECKH .

4. IATEPATYPA 10 OPTAHHYECKON XHUMHH

Yneno onucaHHEIX B JINTEPATYPe OPraHUYeCKUX COeAHHEHUI OTFOMHO, OHO LOCTH-
r10 6 MJH U NPOAO/IKART YBEJIHYHBAThCA, MHTEpECHO NPOCACAUTE AUHAMHKY pOC-
Ta Ydcsa opraHuyeckux coepuHenud, ITo npuGAM3NUTENBHBIM oUeHKaM, K 1945 r.
Ooin moayyen | MaH coegnHenuil, 3a nepnoa 1945—1959 rr.— okoao | Mau, a 3a
1960—1969 rr.— 1,2 mau HoBux coepnuenuil. K 1970 r. 6bs0 onucano yxe 3,4
M.1H OpPTaHHYECKHX COCAMHEHHUH, a K 1977 r. X cTal0 yxKe 0K0JI0 5 MaH. B nocnen-
Hee BPEMsl @XKeTOJHO HONy4aloT 0Kono 200—250 Thic. HOBHIX OpPraHHYECKHX coe-
AUHEHHIT,

Ecrtectsenno, Boanukaer BONpoc, MOXKHO JIH OCBOHTb 3TOT OTPOMHBEIH MaTepH-
4] H ODHEHTHPOBATHCA B HEUCUHCJIHMOM MHpEe OpraHHYecKHX BemecTs? C uero
Ha4YUHATH?

Haunnath caenyer ¢ y4e6HHKOR H yueBHBIX NMOCOGHH NO OpranHuecKol Xu-
MHH, B KOTOPBIX CHCTEMATH3HPOBAHBI 3HAHHA 06 OPTaHHYECKHX COCJHHEHUAX,
Oprannueckas XHMHS HaXOJHTCS B HEMPEPLIBHOM NpONecce PasBHTHI, MeHseTCHA
H COBEPLICHCTBYETCH METOJHKA H3J0XKEHHS MaTepHala OPTaHM4eCKOH XHUMHUH,
NO3TOMY 31€Ch MepeuHcieHbl TOJAbKO (PyHAaMEHTalbHLIE H3JAHUA MO KypCy opra-
HUYECKOli XMMHMH, BBILIEJIIHE B NOC/ACAHHE JeCATHJCTHS.

1. Hecmennos A. H., Hecmesinos H. A. Hauana opranuyeckoil xumuu, B 2 1,
M., 1974,

2. Moppucon P., Boiig P. Oprannueckas xumus. M., 1974,
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3. Mepexkaaun B. B., 3ounc C. A. Opranuueckas xumus. M., 1982,

4. Tayntmann 3., Ppede F0., Pemane X. Opraunueckas xumusa. M., 1979.

5. Tepneii A. CoppemenHas oprannueckast xumus, B 2 . M., Mup, 1981.

6. Kepn ®., Cannbepr P. Yray6aeHusiit Kypc opranuieckofl xumun. B 2 1,
M., Xumug, 1981.

7. Merpos A. A., Baxsan X. B., Tpowmenko A. T. Oprannueckasa xumMug. M.,
Briciiag mkosa, 1981.

8. Crenawenko B. H. Kypc opranuueckoii xumuu. M., Bucuaa wxona,
1981.

9. I'panpéepr H. M. Oprannueckas xumust. M., Bucwas wkona, 1987,

[Mpn yrayG/eHHOM HAYHEHHH OPralHyecKoll XHMHH H HAay4HOH pa6ore B 06-
JaCTH OPraHHuCCKOl XHMHH KaXXIbHi CTaJKHBaeTCA CO CNOXKHOH mpobiaeMoll nH-
dopmauny, Kak yasaTb, 4TO NOJYYeHHOS HaMH BEUIECTBO SBJASETCA HOBLIM, paHee
HEH3BECTHHIM? OTO OueHb cyliecTBeHHO, Kpome TOro, XUMHKY B oOhileHHOH pafo-
Te YacTo HeOBXOAKRMO Y3HAThH JAaHHbIE O CBOHCTBAaX TeX MJIH HHBIX cOoelHHeHHi, ['ne
HX HCKAaTh?

Jlas pewtenust 310 npoGaeMbl ReO6XOANMO UCTIOAB3OBATE CNIENNABHYIO0 JUTE-
parypy. Ona oXBaThBAeT INepBHYHBE (HayuYHhle CTaTbH, NATEHTH M aBTOPCKHe
CBUJIETEILCTBA, UCCEPTAIMH, HAYUHEIE OTYETH), BTOPHUKEE (pedepaTuBHbIE KYp-
HaJbl, CHIHaJbHaf HBGOpPMaIils, CHPABOYHHKH, 0630pBI, MOHOrpaduu), TPeTHUHbIE
(yxasarenn pedepaTHBHBIX JKYPRajioB, OuGnHOrpaduueckHe yKasaresH, yKasa-
Te/lH CIPABOUHMKOB) M YeTBEDTHUNbe (CBOJHEIE YKasaTeJH, yKadareau Gub.amo-
rpatuil) HCTOUHHKH.

BaxHeHuIMM HePBOHCTOUHHKOM HBJISIOTCSH KYPHAJB, B KOTOPHIX XHMUKY
Ny6AHKYIOT CTATHH O HOBHIX BEUIECTBAX M KX CBOHCTBa2X, O pe3yabTarax TeopeTl-
uecKUX pa3paloToxK. .

JKypHaJsl M Apyrue nepHOAuYecKHe H3JaHHf, B KOTODHIX MOXKHO HAHTH CTa-
ThH N0 OPTaHHYECKOH XUMHH, MCUHCASIOTCS ThicAuaMH, Kamawil rox noasuasercs
Gonee uem 200 000 ny6aukanuit B o6aactn opranndeckoll Xumuu. Io nannbiv Hu-
crutyra Hayunoit mudopmauun (CIUA), 96% wuudopmauun B 06aacTH oprasiue-
CKOTO CHHTe3a MOXHO nouepnHyTh #3 100 raaBubIX )KYDPHAJOB, ABE TPETH BaXKHeH-
weii HHOOPMAnUu — NpU uTeHnH okoio 30 xkypnaios. Oxono 60% Bamnefimux
craTeil MO OPraHHYECKON XHMHH NYGJAMKYIOTCS HA aHTIHACKOM f3nkeaR0% —
Ha pycckoM sasike, 10% — na memenxowm.

TNarenThas JuTeparypa sBasercd cnenuduiecKUM HCTOUHHUKOM HHGODMAINH,
B KOTOPOHl TJaBHEIM 06Pa30M ONMHCAHLI METOJbl NOJYYEHHS BEILeCTB H NpakTHYe-
cxoe npuMenenue 6e3 JAaHHLIX TeopeTHuecxoro xapaxrtepa. Omucanus naTenTos
HMEI0TCS B NaTeHTHHIX Oubnuorekax. ITaTeHTH pedepHpyiotca B o6mHX pedepa-
THBHBIX XYPHaJaX, KPOMe TOTrO, H3jaeTca ClelnalbHas NaTeHTHAs HHpopMauus,
B 06sacTH CHHTETHYECKOH OpraHMuYecKOil XHMHH NAaTeHTHAasd MHOOpMauus omepe-
xKaeT nyGaKMKauMuM B hayuHoll NepuoinKe Ha 1—3 roza.

Yro6br 06serunTh PaGOTyY C 9THM OrPOMHBIM MaTepHaJIOM, H3jlaloTcs pegepa-
THBHBIE XKYPHAJLI (BTOPHUHEIE HCTOYHHKY). B 3THX JKypHa/IaX ODUTHHAJbHbIE XKYP-
HaJbHBE CTATHH M NATEHTHl OYEHb KPATKO NepecKasbiBaloTcs (pedepupyiorcs), a
pedeparnl cucTeMaTnanpylorcs. Hanbosee BaHLIMH pedepaTHBEBIMI KYPHaJIaMH
asasiorcs: Chemisches Zentralblatt (no 1970 r.), Chemical Abstracts, pedeparus-
HBIT KYypHad «Xumusy, Current Abstracts of Chemistry and Index Chemicus.

dynpaMeHTaJLHBIM CMPAROYHHKOM 10 OpraHHYyeckoll XHMHH fBJAETCA crpa-
BouynuK DBeilnnmreitna (Beilstein’s Handbuch der organischen Chemie). Mnuuna-
TOp ero co3famusl H NEpBbIl cOCTaBHTENb — PYCCKHH akafeMHK @, @, Beiiab-
wrelin. 3ajaua copaBoYHUKAa — cOGpaTh BCe CYUIECTBEHHLIE CBEJIEHUA O BCEX M3-
BECTHHIX OPTaHMUECKHX BelecTsax. B ocHosHoM uafanuy, coctoduem u3 31 toua,
cobpaHLl cBeleHHs O COeAHHEHHAX, onyGauxopanubie Ao | aumsaps 1910 r, Hme-
I0TCA UeTHIpe NOMONHEHHS: NEPBOE AONOIHEHHE OXBATHBACT AuTepaTypy 3a 1910—
1919 rr., Bropoe — 3a 1920—1929 rr., Tpetbe — 3a 1930—1949 rr. (eme re 2a-
Bepineno), uetBeproe — 3a 1950—1959 rr. Mspaercs stor cnpamounnk bBeitib-
WTefHOBCKAM HHCTHTYTOM B OPT.

Ioapo6uo ¢ npoGaeMoll XHMHYecKOH HidOpMalMHM MOXKHO O3HAKOMHUTLCHA B
knnure: MMoranos B. M., Kouerosa 3. K. Xumnueckaa undopmauns. Hro, rie u
K4K HCKaTh XMMHKY B juTeparype.— M.: Xumnsa, 1979,

21



5. PASBUTHE TEOPETHYECKHX MPEACTABJIEHUNA
OPFAHHUYECKOH XHUMHH

TeoperuueckuMH OCHOBaMH OPTaHHYeCKOH XHUMHH SIBASIOTCA TEOPHSA
CTpPOeHHs OPTaHMYECKHX COEAMHEHHH M TeOpHsA DPeaKIHOHHOi cmoco6-
HOCTH, T. €. Y4YeHHe O COeAMHEHHH AaTOMOB B MOJIEKyJe, O B3aHMHOM
BJHUSIHMH aTOMOB B MOJEKyJe W O NpoTeKaHuu peakuuil. Kpurepusimu
LEHHOCTH TEOPHH ABJAIOTCS:

a) cHocoGHOCTh CHCTEMATH3HPOBATh HMEIOWIMICH (aKTHUECKHH Ma-
TepHan;

6) cHocOGHOCTE OGLACHUTL NPHPOAY TCGH CUJIBI, KOTOpPasA yAEepPIKUBaeT
aToOMBl B MOJIEKyJe (IpHpOAY XHMHYECKOH CBsi3H);

B) CIOCOGHOCTE OGBACHUTH NIPOTEKAIOmINe XHUMHYECKMe IPOLECCH,
¢u3NYeCKHe H XHMHUECKHe CBOHCTBA BEIECTB;

) BO3MOXKHOCTD NPEICKA3AHUS HOBBIX XUMUUECKHUX PeAKIHH, HOBBIX
TUIOB COSAHHEHHHA H T. A.

1. TEOPHH CTPOEHUSA OPIAHHYECKIIX COELLI/IHEHI/IH

Teopuda pagukanoB. Vcropuuecky nepeoil B OpraHu4eckodl XuMHH Obl1a
TeopHsl PAajHMKaloB. B co371aHMU 3TOH TEOPHH BaXKHYIO POJb CHrpana
3/IeKTPOXUMUUECKAsl TeopHus XiMuueckoi csssu M. Bepueamyca, roc-
NI0JCTBOBABLIAS B TO BPeMs B HeOpraHuvyecKoi xumuu. COryiacHo 3Toi
TeopHH («¢ayajMCTHUECKast TEOPHUs») BCE COEAUHEHUs] 06pasyloTcsl u3
NPOTHBOMNOJIOKHO 3apsiXMeHHEIX YacTHI[ (3JEMEHTOB) B Pe3yJbTaTe CHII
3/JEKTPOCTATHYECKOTO NDPUTSXKEHHS. B opraHuuyecKux CoeIUHEHHSX
POJIb TAKHX 3aPSKEHHBIX YACTHLL UTPAIOT HE TOJLKO ATOMBI, HO M LEJEe
rPYNIHPOBKH aTOMOB, Ha3BaHHbIe paduxasasu. [IpuHUMANOCh, 4TO pa-
IMKalhl B OPraHH4YecKO# XHMHH COOTBETCTBYIOT 3JIEMEHTaM B Heopra-
HUYECKOH XHMHH H CNOCOGHHI NMEPeXOfUTh B XHMHUECKHX PEAKLHsIX OT
OJIHOTO COENIUHeHHs K JpYroMy B HEH3MEHEeHHOM Buje. IIepBrIM TakHM
panukanoM Ovl1 GeH3ousa, o6HapyXeHHBIH B GeH30HHOH KUcIoTE, GeH-
sounxjopune u Gensampperue (IO. JIu6ux, @. Béaep).

Teopusi paguxaloB jasa HEKOTOPY:O OCHOBY JJISA CHCTEMATH3ALMH
COCZMHEHHH, B HEKOTOPBIX CJIYyYasX YIajJoch OOBSICHHThL CBOKHCTBA coe-
JuHeHHH. Teopusi uMesna HEKOTOPYIO CILTYy HPEIBHIEHHS — MOXKHO
OBITO MpPEACKAa3aTh CYLIECTBOBAHUE COCNMHEHHIl, CONep:KAMHX A0 TeX
nop HEeM3BECTHHIE KOMOHHALUU PalHKaIOB.

Ho Bckope norma o HensmeHsIeMOCTH PajfMKaJoB NOTePIiesa nopaxe-
nue. JK. Hioma nokasaJs, yTo BOLOPOJHEIE ATOMB! B OPraHHYECKHX COEMH-
HEeHHAX JIETKO MOTYT OHITh 3aMELIEHBl aTOMaMH XJopa (sABJeHHe MeTa-
nencuH). Tak BOSHUK/IO HEOGBSCHHMOE B paMKaxX TEOPUH PaJHKAaJIoB
NPOTHBOPEUHE: KaK IOJOKHUTENbHBI BOAOPOAHLIA aTOM MOXeT OhiTb
3aMelieH OTPHIATE/NBHEIM aTOMOM XJ10pa.

Teopust Tunos. Teopus TunoB 6uina nocTpoena JK. Jlroma Ha pyuHax
pajHKalbHOI TEOPHH C COXPaHEHHEeM NOHATHA G FPYINHPOBKAX aTOMOB—
panukanax. Ilpemsiaranoch kjaccuHUMpPOBATE OpPraHHYECKHE COENH-
HeHus 1o TunaMm. Hanpumep, yKeycHas W XJOpyKCycHAs KHCJIOTHI
NPUHAIERKAT K OAHOMY THITY . DTa TEOPHUS 3aJ10XKHJIA OCHOBY AJA HOBBIX
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XMMHYECKHX [OHCKOB — CHHTE3a HOBBEIX COEIMHeHuil OfHOro THNA.
Taxk, A. Todman u A. Biopil, ncxons us Tuna aMMuaka, BIEpBHE CHHTe-
3UPOBAJH aHAJOTH aMMHaka — aAMHHBIL:

(H CHy {CHa {CH3
N H NJH N CH, NJ CH,
H H H CH,4
Yuurapras Teopns. Teopuio TUMNOB NOMONHHIA YHHTAPHAA TeOPId.
1y teoputo cozganu LI, Y)Kepap u O. Jlopan B 50-e roapt XIX B. u Haz-
BaJi €e YHHUTAapHOM B NpPOTHBONOJOMNKHOCTE AYAJUCTHYECKOH TeopHH
Bepuenuyca. B ocHoBe yHUTapHOH TEOPUHU JICKHT NPUHUUR 3aMeuierusl.
Bce opranpueckue coenHeHHs1 MOTYT ObITh 00pa3oBaHbl U3 OINpesieleH-
HBIX THNOB MpU 3aMellellud BOLOPOAELIX aTOMOB OpranuyeckuMH (yrie-
BOJIOPOJHBIMI) TPYIIXMPOBKAMH — pajukasaMi. OCHOBHBIMM THIIAMH
SABJSLTNUCH:

H 0 H‘ H} H }
H H N H Cl
TUn BOALI H ] THN BOROPOAA THIT XJOPOBO~
THIT aMMHaKa aopoaa

Ilpu noMmouy yHHTapHOH TEOPHUH OLLIM NMpefcKa3aHkl B CHHTE3HDPO-
BaHbL HOBHIE KJ1ACCH COEAMHEHMM, HANDUMED AHTHAPHUABLI KHCJIOT, MHOTO-
aTOMHBIE CIIMPTHL. DTa TeOPHA OTpUUANA JiOOYI0 BOSMOKHCCTh MO3HAHHS
pAacnoJIoXKeHHsl aToMeB B MoseKyJe., OHa He 6pl1a B COCTOSIHHM O6bsic-
HHTb HEKOTOpHIE SIBIEHHS W30MEPUH, HANPUMEP CYHIECTBOBaHHE JBYX
yryesofiopofoB ¢ ¢opmyaoii C,H,,. Takass wuzomepust naselBanachk
«TOHKOH H30MepHefi», ‘

Teopus crpoeHus. B xone pasBuTHs OPraHHYECKON XHUMUH CHMTE3H-
pOBaNHCh BCE HOBBIE U HOBhHIE COENUHEHHUS, ONHCAHHE KOTOPRIX HE GBLIO
1o/l CHAy yHHTapHoil Teopuu. Ha ocnose pator ®pauknania MosBUIOCH
NOHSITHE O BANCHMHOCHLL 3AeMEHN08, T. €. CIOCOOHOCTH XHMHUYECKHX
3JIEMEHTOB MPUCOSAHHATE TONBKO ONpejeseHHoe YHCI0 aTOMOB APYIHX

u aneMenToB. A. KeKkyJie nepBhEIM BBIABHHYJ NPUHLUHKI YeThbIpeX-
H{ . BaJIEHTHOCTH YTIJIepojia U A0Kasas, 4TO YIVIEpOJIHBIE aTOME CNO-
H . COOHBI COEMUHSATLCS MEXKAY co60lf U 00pa3oBLIBATHL JJHHHELIE
H uenu. A. KekyJe npeisoXuT HOBBIH THI COefHHEHHH — THI

THO METAHA MeTaHa.

B konue 50-x rozos XIX B. B opranuyeckofl XUMHH V¥K€ Y3aKOHH-
JIUCh HEKOTOPLIE TIPUHUMIILI: B PEAKIUSIX Pasiuylbie TPYINUPOBKH MO-
TYT HEPEXOAHTL OT OFHOTO COCAUHEHHUS K APYroMYy, CYLIeCTBYeT BO3MOXK-
HOCTR 3aMelleHusi OJHOro aroma APYruM, aTOMbl MOTYT COE€AHHATHCH
MeXIY co60fi ToNBKO B ¢TPOro onpeneieduuix nponopunsax. Ho ue 6biio
SCHOCTH B TOM, CyLIECTBYET JHM KaKasi-TO B3aUMOCBSI3b MEXKIY COCTABOM
COEJIHHEHHS | er0 XHMHYECKHMH CBOMCTBAMH, CYIIIECTBYET JIH ONpefieseH-

O-++--l Has [OCJAEJOBATENBHOCTH COEAMHEHHS aTOMOB B MOJEKYJe.
C{H2 B xomnire 3toro nepuofa GuIH cAeNaHH NONBITKH H306pa-

3UTh B opMYy.1ax NMOCAeL0BaTeNbHOCTE COEHHEHH aTOMOB B
Cese+H'  Mosiekynax. [lepsuiv Takue rpapuyueckue GopMyas Mpeaso-
: #ua1 A. Kynep. IlpumepoM MokeT cay>KHTh NMPHUBEAEHHAs
Ce++e+H'  31ech (opMyJsia nponuaosoro cnuprtano A. Kynepy.
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19 centabps 1861 r. Ha cbe3le HEMELKHX €CTECTBOMCHLITATENEHR U
Bpaueit B Llnefiepe pycckuit xumuk A. M. ByTnepos pokaafeiBal o
HOBBIX BO33pDeHHAX B opranuyeckoii xuMuH. OH BHUIBHHY/ HOBOE IO-
HATHE — CHpyKmypa, KOTOPOE OTPaXKaJAOo MOC/EA0BaTeNbHOCTb CTPOE-
Hua atomoB B Moaekysae. Tak poaunace cmpyxmypHas meopus, WA
MeOpUs XUMUYECKO20 CMPOEHUA.

Jna usobpakeHHs NOCAEKOBATENBLHOCTH COEJHHEHUSI AaTOMOB B
monexyse DyTaepoB NpeioKuI HUCHONb30BATL YEPTOUKH MEXKAY aTo-
mamu. [IpuMepoM MOXKeET CAYXKHTb H300paxKeHHe (OPMYJBl METaHa:

H

I
H—-C—H

|
H

MeTaH

[IpaBuabHocTe Teopuu crpoeHHs A. M. BytsepoB neonposepmxumo
IOKasaj, CHHTE3HPOBaB TpU H3oMmepa yraesogopona CsH;,, koTophie
ObLTIH MM TEOPETHYECKH MpeacKa3aHHl.

Teopusi CTpoEHHA COCTOMUT H3 CJIEAYIOUIHX MOJOKEHHH:

1. B mosekynax BelleCTB CyLIECTBYET CTPOras MOC/EA0BATENBHOCTE
XHMHYECKOTO CBA3bIBAHHA aTOMOB, KOTOpas HAa3bIBAETCH XHMMUYECKOH
CTPYKTYpO#l (cTpoenuem).

2. XumuyeckKue CBOJICTBA BEILECTBA ONPeENeNfloTcs NPUPOJoil sJe-
MEHTaPHbIX COCTABHBIX YACTEH, UX KOJIHYECTBOM H XUMUYECKUM CTpOe-
HHEM.

3. Ecnu y Belects ¢ 0MHaKOBBIM COCTABOM H MOJIEKYJAPHOI Mac-
COH Da3/IHYHOE CTPOEHME, BO3HUKACT SABJEHHE HIOMEPHH.

4. Tak Kak B KOHKPETHBIX PeaKLUsX H3MEHSIOTCS TOJABKO HEKOTOPHIE
YacTH MOJIEKYJIbl, TO HCCJE0BAHKe CTPOEHHS NPOAYKTA Peakuuy HOMO-
raeT ONPeAeNUTb CTPOEHHE HCXOXHOH MOJIEKYJIHI.

5. Xumuueckass npupofa (PeakiHOHHAs CNOCOGHOCTb) OTAENBHBLIX
aTOMOB MOJIEKYJILI MEHAETCA B 3aBUCHMOCTH OT OKPYXKEHHs, T. €. oT
TOro, ¢ KaKUMH aToMaMmU JPYriX 3JEMEHTOB OHHM COCAHHEHHI.

Teopus ByTseposa jfaeT NpHHIMOHANBHYIO BO3MOMKHOCTbL IO3HAHMSA
FEOMETPUU MOJEKYJ/b (MHKPOCKOMUYECKMX CBOHCTB) uepes NO3HAHUe
XUMHYCCKHX CBOHCTB (MaKPOCKONUYECKHX cBOHcTB). OCHOBHEIE HOJO-
JKEHHUS TEOPHHM CTPOEHHUS! COXPAHSIOT CBOE 3HAYeHHe W B HAIUM JIHK.

CrpyktypHuele (hopMyJ/IEl B PYKaX XUMHKOB CTAJH MOUIHBIM OPYKHEM.
Onu no3BOJAIOT AeNaTh BLIBOAEI O XHMUUYECKHX CBOHCTBAX COENUHEHMUIL,
A2I0T BO3MOXKHOCTb CHCTEMATH3MPOBATL OTPOMHBIA MaTepual OpraHuye-
CKOH XMMMH, NPEICKa3aTh CYUIeCTBOBAHME HEHCUYHCIHMOrO KOJHYECTBA
HOBBIX COEAHHEHHI.

Ho okasanoch, uto He Bce MOIva OOBSCHUTH U TEOPHA CTPOSHHS.
Muoro croxHOCTeHl BO3BHHKJIO C BHIAENEHHBLIMH H3 KaMEHHOYTOJbHOI
emonbtl Gensonom CgHg M ero romosoramu, ¢ Tak Ha3biBaeMBIMH HEHa-
CHIIEHHBIMU COEMHEHHAMH — STHUIEHOM, alleTUIEeHOM H Jp. Kak H306-
pasuThb uX crpoenue? He 6b110 ACHOCTH ¥ ¢ NPOCTPAHCTBEHHBIM CTPOCHHU-
€M MOJICKYJl OpPraHHuYecKHX COEJHHEHHII.
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3nech ymecTHo npuBecTd BolcKaspiBanue A. M. Bytaeposa, Kotopoe
BEPHO Ha JI0GOM 3Tane pa3BUTHA HayKH: «DakTel, KOTOPBIE HE MOTYT
GHITh OOBACHEHB! CYLUIECTBYIOUIUMH TEOPHAMM, HauboJee LEHHBL JJis
Hayku. Ilpd MsyueHHd HMEHHO 3TUX (AKTOB OXHAAETCS Iporpecc
HayKd B OmibKaiiuiem OyRyliem». o

B0 NpENNoKeHo COeAHHEeHHs THIA STH/JEHA MHUCATh C JABOWHOM
CBA3BI0, COGAMHEHHA THMA alleTHaeHa — c TpofHoit. [las coenunenus
Tuna 6exsona A. Kekyne Hanucan CTPYKTYPY C LUECTHWIECHHEBIM LUKJI0M
H TpeMs ABOHHBIMH CBA3SMH:

H
[
H C H
H. H NN Z2RN4
sc=c/ H—C=C—H Lo
H” ~H aueTHaAeH X
3TH/CH H/ \$/ \H
H
Genson

1. Bant-Todd u HesaBucuMo ot nero XK. Jle Bens B 1874 r. BLIBU-
HYJH THHOTE3Y O MPOCTPAHCTBEHHOH KOH(PUIYpaLMH HACHILEHHOrO yr-
NEPOJHOTO aToMa — TETPa3APUYECKOM DACTOJOKEHHH 3aMecTHTenei.
TlousiTHe 06 ACHMMMETPUYHOM YIJIEPOAHOM aTOME H ONTHYECKOH H3oMe-
pHH (3epKaTbHO H30MePHH) Jal0 BOSMOKHOCTE OGBACHHTH CYILIECTBO-
BaHYE H30MEPHLIX ONTHYECKH AKTUBHLIX BEUIECTB C MPOTHBONONOMKHLIM
yrnom ppameHus (Beex. 6.12).

Ec/u y HacHILEHHOro YIJIEPOIHOrO aTOMa HAXOMATCA YETHIPE pas-
JIMUHBIX 3dMECTHTEAs (acuMme‘T‘puqecxun

T ? YTJIEPOJHBIH aTOM), TO BO3M0}KHOU IBOsIKOE

c C pacroJomKeHye 3THX 3aMecTHTe el B HpOCT-
X4 B B~ \'~X paucTBe, puueM 06a U30Mepa pasTH4aoTCH
Y Y Mexay co60ll Kak 3epKaJjbHble H300paxe-
SHARTHOMEpH HUA (3ePKATbHEIE H30MEPHl, SHAHTHOMEDH!).

HecMmoTtps Ha pe3kue HanajkKu co CTOPOHBI PsiJia BEAYILMX XUMUKOB TOTO
BpEeMeHH, IunoTe3a Gbl1a NPUHATA U JerJa B OCHOBY HOBOTO HallpaBJe-
HUsA TEOPETHUECKOH XHMHH — CTEPEOXHMHH.

OnHAKO Ha BONPOC, NOYEMY AaTOMbI AEPXKATCs BMECTE€ B MOJEKYJe
H MoYeMy MOJIEKY/IbI HMEIOT OnpejiesieHHOe IPOCTPaHCTBEHHOE CTPOEHHE,
HIKTO HE MOl JaTbh OTBeTa. Ychex B H3YYeHHH NPUPOIbl XUMHUYECKOH
cBfI3M ObWUI JOCTUIHYT TOJABKO [OC/TE OTKPBITHA CTPOEHHA aTOMA M co3j/la-
HHUA 3/JEKTPOHHON TEOpHH XUMHYECKOH CBA3HU.

2. KJIACCHYECKHUE 3JEKTPOHHBIE TEOPHMH
XUMHMYECKOH CBSI3H

Jlna opradduecknx coequHeHUH Obl1a npucrocobnena paspaboTaHHad
T. Jlsioncom u B. Koccenem (1916) Teopust o6pa3oBaHUs HeopraHuue-
CKUX HOHHEIX cOefUHEHHH, T.e. npunyun oybiema— okmema. K. Jlenr-
miop (1919) BBen mnoHATHE KOBANCHMHAA 8536 (B NPOTUBOIOCTAB/ICHHE
HOHHOM cBA3H). B KoBa/IeHTHOH CBA3H 3JEKTPOHbI HPHHALIEXAT OLHO-

25



BPEMEHHO OGOHM aTOMaM, HO B TO K€ BPEMS] BXOAAT B AVGIeT HAH OKTeT
3JEKTPOHOB COOTBETCTBYIOLIETO AaTOMA:

H
B @ew

AL T .}H TSN
@ iy’ @helfiedm)
] @ H TR

ﬂ( l.
iﬁ-}
H
| . H -H
H—C—H C=C —_— -_—
I " “H BE—C=C—H
H
MeTan BTHACH e

POPMYJIEI € TOYRUHBIM H306PaXEHNEM SIEKTPOHOB HASBLIBAIOT (OPMY-
namu Jleiouca.

Ha ocnose Teopun py6rera -— oxTeTa DOSBIJIACh BOSMOXHOCTD
KJaccHUUMPOBaTh Pa3/HYHAE BHAL XHMHUECKOH CBSSH, B TOM YHC/e
KoBasneHTHOH. KoBanenTHas cBA3b MoKeT OGPa3OBHIBATLCH LBOSKO.
IlepBuifi cayyait — Kaxnas HacTHI@ AaeT 0O OAHOMY 3NEKTpOHY:

H-+ c1 — Ht:l~ H;C- 4 -CHy — H,C:CH,

Bropoft cnyuaft — onna yacTHuA MAeT 3/EKTPOHHYIO mapy, a BTO-
Pad npefocTaBageT HE3anONIHEHHYI0 OpGUTAlDb:

+ -
HN: - H* —» HNiH (NHY;  HyG: 4 CHy —» HyC:CH,

Bropeit cnyuall 06pa3oBanus KOBAIEHTHON CBS3M HAa3HBAETCH KOOpAH-
Hauuefi. H3 sroro onpenenenns BOHHKIO NOHSATHE KOOPIURALUOKKAR
uau Qonopro-aryenmopras ¢8a3s. OTIMYHE KOOPAHHAUNOHHOM cBAaH
OT ADYTHX THROB CBA3H OYEHb XOPOIIO BHAHO Ha IpKMepe obpasoBaHHA
N-oKkcunoe amukos:

(CHg)N: + 8 — (CHy)N:3:

3nech -BO3HNKACT KOOPAMHALHOWHAS CBASH MEXAY ATOMAMH 230Ta H
Kucaopopa. O6e yacTHUL! HeHTPANbHHL, W B pesyanTate o6pas’oBaHHsA
KOBAJICHTHOH CBA3H NPOMCXOAMT TNepepacnpelenenie MeKTPOHHON
NJOTHOCTH: aTOM KHCOPOHa NPHOGPETaeT OTPHUATENbHLIN, a aToM
asoTa — IIONKHTENLHLA 3apsax:

(CH,)sN— 3

ﬂpg;:{orﬂ.a Jns 0003MayeHHs KOODAMHALMOHHON CBASH TNPHMEHRIOT
¥, DOKa3HBAIOLLYIO HanpaBAeHHe -
o (CH) N0, y p CMEICHHA SNEKTPOHHGOH nsor

B oprannyeckofi Xumuu cBA3k, O6pasoBaBLIYIOCA B Pe3yAbTaTe
KOODAHHALMH ABYX HEH TPay b HH X YacTHH, Ha3wBalOT CeMuno-
Aaprod. PAaKTHYECKR 3TA CBA3H ABJACTCH KOBANEHTHON, COSNMHAIOLEH
4TOMBI, HAa KOTOPbIX TPH BO3HMKHOBEGHHH CBf3H OGPasyOTCH NOJOMH-
TeJIbHBIA M OTpHUATENLHEA 3apAAn. Ilpu sToM BTOpas KoBaneHTHas
cBAA3b (ABOfiHan) OOPasOBATHCA HE MOKET, TAK KK HET COOTBETCTBYIO-
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IHX HesamonHeHuwx opGuranei. HanGonee wusBecTHOH rpymuoR ¢
CEMHTIONAPHO CBA3HIO B OPTraHHYECKOH XMMUH SBJISETCA HHUTPOrpynna
—NO,.

Teopus ny6aera— OKTETa NPHMEHNMA TOIBKO B TEX ¢JIyqasX, Koria
He paccMaTPUBAIOTCA ATOMBI BhCWHX meprofoB (S, Si, P u np.). das
STHX ATOMOB K3BECTHH CTAGHIbHBE coepuienus ¢ yyactHeMm Xak 10,
TaKk # 12 3jneKTpPOHOB.

Ha ocHose KJIaccHYecKOH 1eKTPOHKROR TeopHy OuUIK CO3/IaHBl mpel-
CTABMEHHS 0 SNEKTPOKHBIX CMEIEHHAX B XUMHYECKHX CBASAX. DNeKT-
pOHHOE cMemeHHe HabMoxaeTcs HOYTH BO BeeX CyyasX, KOrAd XHMHAE-
CKas cBA3b 00pasyeTcs M3 JABYX PAsMHUHbIX 3JeMeRTOB. Kaawh sse-
MEeHT HMEeT CBOfl ANECPHHIl 3apAA W cBOA ATOMHEII pajuyc, KOTOpEHIS
ONpPEReASIOT CROCOBHOCTS NPHTATHBATE 371eKTPONEL. JIPYruMi c/IOBaMH,
KaAblii S1eMeHT HMeer CBOE XaPaKTepHoe SACPHOE CHI0BOE NoJjeE, B
KOTODOM Pa3sMeiaioTcsi 31eKTPOHEL. Uem Gosbine crnoco6HOCTL ATOMHOrO
AzIpa HPHMTArHBATH JEKTPOHM, TEM Gosbllle M CMEUIEHHE SAEKTPOHOB
B XHMHYECKO[t CBASK B HanpasJenHn sToro atoMa. C ne/1bio XapaKTepue-
THKH STOFO CPOACTBA K SJEKTPOHY OblNa cO3laHA WKaia sHAdCHHR
31EKTPOOTP RUATENBHOCTH . D1eKTPOCTPHIATENBHOCTE — Mepa  C¢nocos-
HOCTH aTOMa MAH TPYMIK aTOMOB MNPHTATHBATH VIEKTPOHH W3 JPYTHX
yacTedt TOH K& MOJEKYaH. Brepsbie Takyso WwKaty paspatoran J1. Tlo-
aunr. YeM Goaslue 3MeKTPOOTPHIUATENBHOCTE ATOMA, TEM CHAbHEE €0
CPOACTBO K 3JEKTPOLHY.

Hixe npusefieHsl 3HaYeHHs HISKTPOOTPHUATEIbHOCTH AAf HEKOTO-
PHX aTOMOB:

H 2,1
B 1,9 C 25526 N 30 O35 F 33 &
Al 1.5 S 1,8—-1,9 P 2,1 $ 2,5 Ct 3,0

Fean xumuuecKas cBA3b o0pasyercs H3 SAEMEHTOB C DANTHYHON
AMEKTPOOTPUUATEALHOCTDIO, TO OTPHUATEIBHEIA 3apAJl KOHIEHTPUPYeTCH
Ha Gojee 3JIEKTPOOTPHUATENBHOM aTOME — MPOHCXOINT NOAApPH3AUMA,
XHMHYECKAs CBA3b CTAHOBHTCH NONSPHOA. X HMHYECKYIO CBs3b HA3KIBA-
10T NOAAPHOIt, €cNH B HEel HMEESTCH HEpPaBHOMEpPHOE pacnpenesieHie
SMIEKTPOHHOM TIOTHOCTH. DTO siBieHHe H300paxaercAs NpH MOMOLIM

.8PeKTHBHEIX (IOJIEBHIX) 3aPHAOB:

8- &8+ o6+ 6~
O—H; C-—-Cl

AdpeKTHBHEE 3apANp HA aToMax o0pasyiorcs B peayabTaTe HMIEKTe
POHHOTO CMEIIEHMA. 310 MOXKHO ¥300pa3HTb € UCHOIL20BAHHEM S/IEKT
POHHHX nap:

8= &+ 6+ -

0:0 O: H C:C C :Cl

[Ipn nomown >hPeKTHBHHIX 3apAJIOB YKA3LIEAIOT HA acHMMETPHIO
pacnpeflefieRna SeKTPOHHON MJIOTHOCTH B CBASH. 3ta acuUMMETpHs
pacnpeleisieTc NO Beell MONEGRYNE ¥ XapaKTepusyercd NHNOABHBIM
MOMEHTOM. '

DACKTPOHHOR CMetlleHHe B XHMIYeCKON CBA3YM MOXKHO YKa3HBATh He
T0ABKO JONEBLIMH 2apAAaMH, HO M CIpeJxod Ha CBA3H:' &
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OneKTPOHHEIE CMEHIEHHS OCYIECTBASIOTCA TaKKe B ABOMHHX U TPO#-
HEIX CBR3fX, TQJIBKO B 3THX CAYyYaAX Nondpu3auus 6oablle, TaK Kak
ICKTPOHH! ABOMHEIX U TPOHHBIX cBA3e# Gonee moapwxkuul. Jas o6o3Ha-
YEHHST CMEIEHUA 3JICKTPOHOB B ABOAHEIX H TPOHHBIX CBA3AX NPHMEHA-
IOT M30THYTYIO CTDeaKY:

&+ b= 6+ &~
C—>90 C=-—N
PPNy 84 ol
C=0 cLN
PN
%EN

3<5's”

ONEeKTPOHHOE CMELIEHHE TEpPepacupeieNiseTcs NO BCeM CBA3AM M
aToMaM MONeKyJabt. Ecau B Monexkyny BBefeH IEeKTPOHOAKUENTOPHEL
(oTTAruBalOmuUi SMEKTPOHN) aToM (rpynna aToMoB) X HAH 37EKTPOHO-
AOHOPHK1 (oTAAIOWKf SNEKTPOHKEI) aToM (Tpynna atoMos) Y, noaspH-
3auuA CBA3CA PACHPOCTPAHACTCA HA BCIO MOJEKYAY:

&+ &~
R—>X ReY
samcctnrenr X (—adubesr) ::;eumuaY (-:-n:mr)

Ilpn paceMmoTpeny 3neKTPOHHBIX cMelneHHt HEOGXORNMO YeTKO pas-
JHUATH 3PAEKTH B MOIEKY/IAX HACKUIEHHEIX H B MONEKY/1aX ¢ CONPAMEH-
HhIMH ZIBOHNBIMM HJIK TPORHBIMH CBSISSIMH.

JNeKTPOHHBIC CMEMEHHN B HACHIMEHHHX CHCTEMAX. 3aMecTHTeNb
BBI3EIBACT MONAPH3ALMIO CBA3eH, KOTOpaA PaclpOCTPaHAETCs Ha BCIO
MONEKYJY, ROCTENEHAG 3aryXas NpH YIaNeHHH OT 3aMecTHreasa. 3ro
BIMAHAE 3aMECTHTENS OOHAPYKHBAETCA IKCNEPHMEHTANBHO NPH H3Me-
peHuH HH3AYECKHX KOHCTAHT MAH NPH H3YUSHHM PEAKUUHOHHOR cnocoG-
HOCTH.

dkcnepuMenTanbo HabmonaeMalit abeKT nepeflaun 3apaja no uenH
ATOMOB 34 CHUET 3/IEKTPOCTATHYECKOA WHAYKLHMRA HasnBaeTca undyxmus-
Ko aipexmom m oBoanawaerca I. Hanpumep:

w
84 5”:
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&Y v 154 8-
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= I -adderT aTosz Xn0pa
UEKTPOHHBE CMEUIEHHA B CONPSKEHHMX CHCTEMaX. B Modlekynax e

HECKOJILKHMH JABOAHEIMY WAH TPOUHBIMH cBsssMH (MK C ATOMaMH ¢

HCTIOAENEHRBIMH  NAPaMH  IEKTPOHOB) B CONPAKEHHOM IOJNOGIKEHHH,
HanpuMep:

X=Y-2=Q X=Y—-2=Q N—X=Y
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Ouedb CUABHOE BAMARHE Ha pacnpeneicHHe JEKTPORHOH IVIOTHOCTH
OKAa3splBAIOT MVIEKTPOHOAKLEIITOPHBIE HAH JIEKTPOHOAQHOPHHE ATOMHBL H
TPynnuPoBKH. B cONpAKEeHHBIX MOAEKYynaxX NOABHXHOCTb SJAEKTPOHOB
ocofedHo BeaKKa. Bo-mepBHIX, B /000M ciyyae AeACTBYeT HHAYKTHB-
Heiil 3gdekr /. Bo-BTrophix, NPOABAAKTCA CcBocoOpasnsie 3dxpeKTal
S/IEKTPOHOB JABORHEIX MWJH TPOHHEIX cBA3ed.

TMepBuifi nmpuMep — CONPSIKEHHAA CHCTEMA C SACKTPOHOAKUCNTOP-
BeM atomoM kueaopoma: C::C:Ci:Q mau C=C—C=0.

C TOUKH 3PeHHs KJACCHUECKO#l 3MeKTPOHHOR TeOpHH cBOSOOPasHOCTD
CONPSIKEHHON CHCTEMM 32KJIOYAETCA B TOM, 4TO 3/1EKTPOHb ABOAHEIX
cBA3ell JIETKO MOTYT MEPEXOLUTTb Ha COCEAHIO ¢BA3b HaH aToM. [lpu
3TOM [IPOUCXOAMT H3MEHEHHE PaclpeleNeHHs IEKTPOHHOH NAOTHOCTH
(3N1eKTPOHHOrO 3apsfa) B CTOPOHY 3JEKTPOHOAKUEITOPHOrO aroMa:

. - . . &+ -
*eicic:of c=£c-cLo
. ¢ ey TH uacTHIR0E Cateneiite
I COCOHHME CARIM U ATOM [ICKTPOros
KHCAOPOAA

Bropo#t npuMep — conpskeHHas cHCTeMa, COAEpIKaIas aToM ¢ He-
nofienieHHofi napoi 3aektporoB N:C::C wau N--C=C.

CoraacHO KJacCHYeCKoH 3/EKTPOHHON TeopHH 3/MEKTPOH HeNojeeH-
HOW napsl JIErKo NEPEXOAHT Ha COCENHION CBA3h. [IPH STOM NPOHCXOAUT
U3MeHeHHe pacnpencyieHus SJMeKTPORHOA NMJOTHOCTH, CMELIEHHE OT aro-
Ma ¢ HenojeJeHHOX napofi Ha ABOAHYIO CBA3b.

+ . - 3+ /- J
N:ec:-cC N—c=¢ (
POHL: ey THI0 YACTHYHOG CMCLHMD
M2 COCEIHNE CBAIR H ATOM INCKTPOHOB
Yiaepoxa ’

DAEKTPOHHKE CMEIeHHsT B CONPSIKEHHBIX CACTEMAX ¢ Y49acTHEM
SJEKTPOHOR KPATHHX CBA3edl WJH HENOJeAeHHHWX 3MEKTPOHAEIX Nap
HASEIBAIOT Me30MepHbim  apexmon (=M), aupexmon conpaxcerus .
(2=0), pesonancreim sppexmom (R}

Tounee, Me30MepPHEIM 3EKTOM HAIKBAIOT SKCOCPHMEHTAJIBHO Ha-
6aro1aeMbii SPHEKT 3aMECTHTENA B CONPRKEHHHX CUCTEMAX, CBA3AHHEIN
¢ B3aUMOJACHCTBHEM 3JICKTPOHOB NBOHHBIX W/AH TPOARHIX CBA3CH WM
HenoAeAeHHOK Naphl 3aMecTUTENS C ABOAHHIMH HAH TPOHHBIMH CBA3AMH
ocTajbHOM MOJMEKY/AL. 310 B3aNMOACHCTBIE BBISHBAET nepepacnpesene-
HHE 3EKTPOHHOM ILIOTHOCTH (3apaAfa), KOTOpas MOMKET nepeMelnarbcs
K 3aMecTHTeNI0 HAH OT Hero.

DNeKTPOHOAKLENTOPHas Ipynna ¢ Apofinofl (Z=Q) wnx TpofiHOM
(Z=Q) cBA3LID B CONPAXKEHHOH CHCTEME NOKA3HIBACT 3JEKTPOHOAKIEN-
TOpHGe AeRCTRHe G1aroAaps mesomepHoMy pdekTy —M 1 HHIYKTHBHO-

My sidpekry —I:
Stop=Loa-220" ¥ cmLoar-250
—1-M ’ —IM
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DAeKTPOHOAKNENTOPHEIMA TpynnaMn ¢ ~—M-3¢derToM, Hanpumep,
ABASOTCAS

.._c</° __;c<N"R' —C=N  ~N=0

R R
o
—N0s ~5¢ = eS=R
* \R c")

AToMm ¢ nenozesentHoll napof JMEKTPOHOB B CONPSUKEHHON CHCTEME,
€ OfHOH CTOpPOHH, HEHCTBYET KaK ROHOP VIEKTPOHOB 61arozapsi CBOEMY
MeaomepHOMY apderTy +M, a ¢ Apyrofi cropoHkl, nposBaser —J-3¢-
texr:

= 5 : 5=
8+53-I-CHQ:H3 3"'534-(:&3
—1, M ~1,4M

—I-3ddexT oxkasmBaer AeficTBUE, HaNPaBJERHOE POTHBONONOXKHO
Reficteuio +M-adxperta. SnEKTPOHOROHOPHBIMH TPYNNaMH D— sBas-
worcds RyN—, R,P—, RO—, RS— u ap.

OcoBoe mecTo aarnmaior rpymns CH,— # RCH,—, koroprie coraac-
HO SKCMEPEMEHTA/ILHBIM NAHHBIM OKAasbiBaloT --M- H B To XKe Bpems

~+I-abdextr (cM. ra. 11.3)

P - 1\ 8}
8+ cfto- c=L oK, e et
+1,+M +1,+M

3ot 3(xpeKT HA3LIBAETCA SPPeKMOor COePXCONPANCEHUR (2UnepKoND-
foeauu). i

Ilpsamble H H30rHYTHE CTPEIKH B opMynax ycioBHO o603HaAYAIOT He
TONBKO CMelteHHe WIEKTPOHHOH MJIOTHOCTH, HO W PasHHE MeXaHUIMEl
3MIEKTPOHHOIO BAMAHRAS — HHAYKTHBHHII H Me3oMepHHH adxpexT.

Hpencrapnenna o6 3nEKTPOHHHIX CMEUEHAAX (SMEKTPOHHEIX 3dxpeK-
T4X) B CONPSIKEHANX CHCTEMaxX # HX Kaacchurauuio paspadotan
K. Unronsn (1926—1933). Hasi oGpscHeHus Me3omepHoro addekra
K. Haroanh paspaGorali NPeCTaBJIEHHE O ME30Mepuld, COTVIACHO KOTO-
poMy pacnpefeienne eKTPOHHOH MAOTHOCTH B PeabHON COnpsikeH-
HOR MOJIEKY/JI€ ABJIACTCA NPOMEIKYTOUHRIM MEXAY ABYMSA CTPYKTYDaMu,
i300paxaeMbIMA  OORIMHBIMHM CTPYKTYPHEIMU dopMyaamu. [lonsapaeie
CONPAKEHHBIE CHCTEMBE MOTYT OHITBE H300pPasKEHB! NPH NOMOILA HECKO/Ib-
KAX TPAaHAYHBIX CTPYKTYP €O CTPOro (PUKCHPOBAHHLIM IOVIOKEHHEM
SJEKTPOHOB (> — 3HAK ME30MEPHH):

- + .
CH3=CH—C=9 HCI'IS—CH=E—9=A“

. * .
CH0— CH=CH; e CHy0 =CH —CHy'
30

TepBnie npeANONOKEHHA O CROCOGPAZHOM PACNPENENERHH IEKTDO-
HOB B CONpSXERHBIX CHCTEMaX (0 M230GopMe) NPHHALIEKAT PYCCKOMY
xamuky B. A. Namanrasckomy (1915).

INpencrasnesus Huronabia o Me3oMepdd BOUNIH KaK COCTaBHadA
4acTh B meopu0 peaouarca, paspaborannyic B 1928—1938 rr. JL. Io-

JuaroM. Coryacro [lonnnry, mosiekyny MOXKHO onucaTh Kak ShICTpo

GONYKTYHPYIOULYIO MEXAY ZBYMS SACKTPOHHEIME (opMyJaMH (PeacHu-
PYIOULHME CTPYKTYpaMH) H nproGperaiouyio cTabunbHOCTe 66/bryio,
gem qioban n3 atux ¢opmys, Gaarofaps pe3oHaHCHOH SHEPTHHM 3Toi
daykTyanud. B HacTosmee BpeMs TeOpHS pe3oHaHca (KORUENUHA Me30-
MEPUH — pe3oHanca) TPAKTYeTCsl Kak ¢Nnocof KauecTBEHHOro ONHACARHS
pacnpeienenns SMeKTPOHHONH MJOTHOCTH B MOJMEKYJAaxX OpPraHHYECKHX
COGZMHEHUN ¢ CONPAKEHHREIMH CBA3AMH. D10 PACNPeAesNeHHE 3/eKTPOH-
HOM IJIOTHOCTH HO CBA3AM H aToMaM K300pakaioT HPH NOMOLIU HECKOb-
KHX KJAACCHYECKHX CTPYKTYPHHX (opmyn (KaHOHHYECKHX CTPYKTYp,
H/JH PE3OHAHCHHIX TPAHNYHLIX CTPYKTYp). PeannHass MoJexyisa pac-
CMaTPHBAETCS KaK «PesOHaHCHWI rulpri», B KOTOPOM pacnpegescHne
9JIEKTPOHHOH RACTHOCTH ABASETCS NPOMEKYTOUHBIM MEXIY pacnpeneie-
HHEM JEKTPOHHON MIOTHOCTR B PE30OHAHCHBIX I'PAHHYHLIX CTPYKTYpax.
Hanpumep, Genson moxer OnTth HM300paXeH NATHIO PE30HAHCHLIMH

CTPYKTYpauH:

O-0-0-0-
OcCHOBHBIE PE30HAHCHEIE CTPYKTYPB: aHHJAFMHA C/ERYIOLIHE;
 NH;, *+NH; *NH,

MoxHO cKa3aTh, UTO ROHISNIKHA ME3OMEPHH — Pe3oHaHca ABAeTCA
cnocooM MOACAUPOBAHNS PEaSiLHOIO 3JMEKTPOHHOrO CTPOCHHSA MONICKYJ
C DIOMOILLIO TPAHHYHLWIX CTPYKTYp. PesoHaHcHbie cTPYKTYpEI — 5TO B
GONBILAHCTBE CAYYaeB NPUBLIYHLIE BaJEHTHHE CXeMbl. PesoHaHcHhe
(hopMyBl O6RAAAOT XOpOlieli HAPMANACCTHIO B NO3BOJAOT GoNee 4eTKo
MOAYEPKUBATL TE WJH HHBHIE OCOGEHHOCTH 3JIGKTPOHHOH CTPYKTYDH.

Haunnas ¢ 1934 r. A1 XapakTepHUCTHKH CONPSKEHHHX MOJEKYA
HCNOAB3YIOTCH YKE KBAHTOBO-XEMHYECKHe pacuerst (cm. ra. II. 4.9,
ra. I11. B.2, ra. VI. A.3).

Janoueniee pasBHTHE NpEACTaBAEHHR O B3aHMOAEHCTBHH CBA3eH
H nepepacripeie’entt 3JEKTPOHHON NIOTHOCTH B CONMPANEHHBIX MOJe-
KyJax Hauio CBOe BOILIOIREHHE B KBAHTOBOH OPraHHYeCKof XHMHH.

’

3. OCHOBHHE HPHHIUIIBI
KBAHTOBOI OPTAHUYECKOHA XHMMH

Kaaccnueckylo TeopHio AONOMHHAA KBAHTOBa#A XAMHA, KoTopas oc-
HORBIBA/I4Ch HA HOBHIX OTKPHTHRX GHIHKH O ABOHCTBEHHOMN . (Kopnyc-
KYJASpHO# u BO/HOBOMA) npHpoje saekTpoHa. Brina cospana mexawuka
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MUKPOMHpA — g0aH0sas mexaruka. D. Ulpenunrep (1926) suiBen ypas-
HeHYe, CBA3LIBAIOLIEE BOJHOBYIO NPUPONY JBHKYIIEACA MaTepHANIbHOH
YACTHLBI C ee NPOCTPAHCTBEHHBIMH KOOpJAMHATAMH W 3HepTHei:

| 0% |, 9 |, 8nPm _

'a_xz_”“ Jy? + 02 +_h2_ (E—=U)p=0.

B ypasuenun Ulpenunrepa ¢ siBnsercs BoAHOBOH (QyHKIHEH 3J€KTpO-
Ha. Ee dusuyeckuit cMuica: Y (x, y, 2) ABAsETCH (YHKUMER OT APOCTPaH-
CTBEHHBIX KOOPJHMHAT, ee KBanpar {* xapakTepHuayeT BepOosATHOCTb Ha-
XOXJEHHA 3MKTPOHA B TaHHOMA TOUKE NpocTpancTBa; E — noJHas sHep-
rust anekTpoHa; U — notenuuanbHas 3HEPrus.

Pelnienpie ypaBHEHHs] JaeT 3HAYeHHe 3HePTHH aJiekTpoHa FE (coBer-
BEHHble 3HaY€HHsA) H BRIPAKEHHs 18 BOJHOBOH GyHKIHH ¢ (COGCTBEH-
nole dyuruun). [lpyu peleHnn ypaBHeHMdA A1s 5JEKTPOHA B aTOMe BO-
JIoponia ToJyyaercst Hesblil PAL BOSMOXKHEIX 3HaueHHi £, XapaKTepHBIX
ona anerrpona. Kaxnomy 3sHadenHio £ OTBEYAlOT CBOH BbIPAKCHHA
st 12, a crefoBaTebHO, H 061aCTh NIPOCTPAHCTBA, Il BEPOATHOCTh
HAXOX/EHHS 3/€KTpoHA HanGosbiiad. Tak MBI MosydaeM npeacrasie-
HHE O Pa3JHYHBIX COCTOSIHUAX 3M€KTPOHA (PA3NMYHEIX 3/]€KTPOHHEIX

opbutanax) B aroMe (atoMapHbIX oOpOHTaNsX
z AO). Vimy aBNIOTCA H3BECTHEIE HaMm M3 HEOpra-

HUYEeCKOH XHMHH cocrosiuuda s, p, d (s-, p-, d-

OpOGHTANH U 3JEKTPOHBI). DTH COCTOSIHHS PE3KO
X OTJHYAKTCA JAPYF OT APYTa CBOHMH JHEPrHAMH
M KOH(HTrypalHeH TOH YacTH NPOCTPAHCTBA, Tle
BEPOSAITHOCTE HAXOKJEHHS 3JEKTpOHA HanGoib-
ad.

Hdna  s-cocrosiuns  (s-opuTanu) xapakrep-
Ha cumMeTpHs 1apa (puc. 5). B orauume or
pamnyca atoma Bojopoza 0,058 uM, paccuntan-
Horo Bopom, 3neck rpaHnna noBepXHOCTH 11apa HAXOJUTCA HAa PACCTOSA-
muu 0,14 HM OT atomHoro sjpa (NOBEPXHOCTH IIAPA OrPAHUYMBAET TY
9acTb NMPOCTPAHCTBA, B KOTOPOH BEPOSITHOCTb HAXOMKJEHWS 3JIEKTPOHA
cocrasasier 90%).

Hnsa p-cocrosnns (p-opGurann) XapakrepHa LMUJIMHIPUYECKAS CHM-
metpus. KMetorcss TpH p-COCTOSHHMA — py, Py, P, (PHC. 6).

0,14 1m

Puc. 5. s-Op6urtannb

F4

Puc. 6. p-Oburaau

p-OpGurans UMeeT JIBE YaCTH, KOTOpble pasjesisieT Y3J0Bas Tjoc-
KOCTb (BEpOSITHOCTh HAXOXKIEHMsS 3JEKTPOHOB B Y3JIOBOH IJIOCKOCTH
paBua Hy.10). BonnoBasi GyHKIMS B y3J0BOi MJIOCKOCTH MEHSIET 3HAK,

32

N03TOMY pasinyaioT -+ o — uacti. B cxemax p-op6urann yacto H3oG-

paxarwTCsa 3HaKoMm X .

Umeerca b d-cOCTORHAT, XapaAKTEPH3YIOWUXCA CBOCOGPA3HBIMHI OUep-
TAHHSIMH npocTpaHcrBa opOHTaned.

3Hast COCTOSIHHS 3JEKTPOHOB B ATOME M HX 3HEPTHH, MOXKHO 11306pa-
3HTh CXeMBl paclpefe/eHds 31eKTpPoHOB (puc. 7).

Kak B pesysbrare pasBUTHA KBaHTOBON XMMHY M3MEHM/IMCH Dpei-
CTaBJeHHs o0 00pa30BAHMH XMMHMYecKoii cBa3n? Kiaccuueckas Teopis

2, 20y 2p,
o LT F *
W

15| H
H C N H.T. 1.
Puc. 7. CxeMa pacmpefie/icHHsA 2JM€KTPOHOB B aTOMax

oGbsicHHIA 0Gpa30BaHe XHMHYECKOH CBSI3M B3aMMOAEHCTBHEM 3/1€KTpO-
HOB aTOMOB, B P€3YJ/ILTATE YErO CHUIKACTCSH SHEPIHA CHCTEMbI H HACTHIE
ynepxusaiotca BMecre. Menospsys ypasuenne IlpennHrepa, mowmuo
JIOKA3aTh 3TO CHHIKEHIE SHEPTHH CHCTeMBI NPH B3aHMOICHCTBHH 3JEKT-
POHOB.

Yro6hl 0XapaKTepH30BaTh XUMHYECKYIO CBA3b IIPH IIOMOLIM YPaBHe-
aus penunrepa, HeoGXOAMMBI HEKOTOPHIE MCXOJHBIE IOCTY.1aThL, Bo-
NepBLIX, HAXOXKAEHHE 3/1eKTPOHA B XMMHUYECKOH CBSI3H (B MpOCTEHIIeM
caydae Mexk1y ABYMs aToMaMu) HJIH, B oOLIeM c/l1ydae, B MOJEKYJe Xa-
PAKTePH3YeTCs] MOJIEKYJ/ISIPHOMl BOJHOBOM (DYHKIHEH 3/1eKTpOoHa — MO-
Jgexyaspuoi opburannio (MO). Ota Monekyaapubie opOHTaNN NOJAGOHDI
ATOMHLIM OPOHTAJSM 3/1€KTPOHA, TOJbKO OTHOCATCH K HECKOJBKHM arto-
mam oaHoBpemerHo. Ecan AQ xapakrepusyer HaXOX[IEHHE 2]€KTPOHA
B CHJIOBOM NoJle siipa atoMa, 10 MO xapakTepusyer HaXOKJCHHE 3J2K-
TPOHA B CHJIOBOM I0/1€ ABYX Hau Gosee sajep.

Bo-Bropsix, MO Beipaxaercs ¢gyHKiueii ot AO (6a3ucHbIX hyHKILIH).
Has pacuera MO ucnonb3yloT HeCKONBKO npHOavxenni. Tak, Hanpi-
Mep, HCIOAB3YIOT NPHHIMI JuHeAHoil kKomGuramun AO (JIKAO).
Jna ABYXATOMHOH MOJIEKYJIBI

W ==y Py - catpo,

rje Py 1, ectb AO, a ¢; H ¢; — K03(hpUIHUeHTH (COGCTBEHHBIE BEKTO-
pbl), xapaktepusyiouue noio Kaxaon AO B MO. Brawane ¢, u c,
HeH3BecTHLI. BripaxeHnue 1is ¢ noacrapasiioT B ypaBHeHue Ulpeannre-
pa M peurarT ero, MCNONL3ys NMPUHLUUN MHAUMH3aUHH aHepruu. Jlas
JBYXATOMHON MOJIeKyJbl nojyyaiotcs nse MO ¢ pas/inyHEIMA  3Hep-
FHAMH — MeHblleH U Go/blleld IO CPABHEHUIO ¢ UCXOAHBEIM COCTOSTHHEM.

Ha puc. 8 nzofpaxkensl HU3KOPACTIONOKEHILI YPOBEHb 3HEPTHH —
CBA3BIBAIOLLAA OPGHTAlb, YPOBEHb SHEPTHH HCXOoAHOTrO coctosiHns (AQ)
U BBICOKOPACTIONOXKEHHBIH YPOBeHb 9HEPrHH — paspeIXJsiomas opou-
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Tanb. NEKTPOHH B XHMHYECKOHl CBA3H Pa3MemlaloTcs Ha CB3kBalomedt
MQ. Kak AO, rax # MO xapaKTepH3yioTCA SHeprueii op6HTanH, ROTO-
Past iBAAETCA HauMeHblueR AnA cBsspiBalomeit MO (3Hauenus sHepruu
HMEIOT 3HaK «MHHYC», & a0COMOTHAN BEJAHYHHA SHEPTHH CBA3MIBAKOILEH
A0 MO AO MO Gonbie sueprun AQ).

= Paypixnsiotan opburans  JHEPrHA opburaledt xapak-

Y \ TepH3yercs 3Hepruef HOHHU-
'T"( >+ Zé’x%‘,:,‘?o‘}%"égifé’, - ‘ 3auuy (NOTEHHHAN0M HOHH-
\ / 3alUMH), COOTBETCTBYIOMEH

\ Coasmisatomas opburans ~ TOA SUEPTHH, KOTODYiO He-
"H" O0XOIHMO NPHACKHTb K MO-

Puc. 8, Cpasmutersupe anepruk op6rrameft 1ory 1S 9TOGBl  yAanuTh
JIEKTPOH OT XUMHUYECKOH
CBA3H B GECKOHEYROCTL. DHEPrHs HOHH3ALMK paBHa sHepruu opbaraan,

B3ATOR ¢ 0GpaTHeM 3HaKoM. OTpHBATL SJEKTPOH OT CBA3HBalomIeH
MO xnmuueckoil cBasH TpyaHee, uem or AO COOTBETCTBYIOMIETO aTOMa,

Us pemenus ypapmenns Ilpeaunrepa cAefyloT Takxe CBEACHHS O
KOH(HIypalu® ToH WacTH HPOCTPRHCTBA, KOTOpas COOTBETCTBYyeT MO
¥ B KOTODOA BepOSITHOCTE HaXOMAEHHs 3/eKTpoHa pasHa 90%. B 3a-
BHCHMOCTH OT THHa KomGHuHpylomhxcs AQ nonydarotes pasiauunble

ls+ls/“ e /@.a'
N Oro o).

Puc, 9, O6pazopanue 0-cssn {6* — PaspHXANOIan ¢-OpOHTAND)

x
2, + 2_p‘/

Pue, 10, Obpazopanue n-caasA (1* — paspuxAfoman M-0pSHTAMDY

MO. Onxa 3 BosaMOoRHEIX MO ofnafaer MUANHAPHYECKOR CHMMETPHER -
H HasbhiBaercs G-OpCHTANbIO MAH a-CBA3bI0. OHa o6pasyercd NpH KoM-
GHHALMH N0 OCH X ABYX S-OpPGHTANEH, S- U Py HIH Pe- U py-opOHTaNEH,
Ha puc. 9 usobpaxeda ROMORHALHUA s-opbuTanell (H306paxeHa TOMbKO
CBASHIBAIOLIAR opbutanb). Paspuixasiomas o-opGuTans ofosBavaer-
ca o*.

Bropoii BoamoxHor MO siBigerca opGHTaNE ¢ NAOCKOCTHON CHMMeT-
pueit. Taxue MO moryr o6pasoBarbcst IpH KOMOHHANMII DO OCH X Op-
Guraneft p, M p, uau p, 1 p, (puc. 10). MO sToro THNa HasHBAIOTCH
n-opOutanaMu HAH m-cBAsAMH. Jad HEX XapakTepHa yanoBaf nJioc-
KOCTh, BOJIHOBAsA GYHKIMsI MeHAET 3HAaK NMPH Nepexoje U3 OAHOH YacTH
B ApYyTyio. :

B paspuxasiomux opOHTaNAX HMEETCS Y340Bas IVICCKOCTE MEeXIY
aToMaMH, NOSTOMY HaXOXJIEHHWE JEKTPOHOB B 3THX OpOMTansX HE Bul-
ALBACT CHJIN CBA3HNBAHHA.

B opraHHY9ecKHX COGIHHEHHAX G-CBA3M BCTpeuaiorcs HauGonee yac-
To. Mexkny aTomMamn nepeoit ofpasyerca g-cBsi3b. B CTPYKTYpPHBIX (op-
Mysnax OHa 0OO3HaJaeTcA OAHOR weprouroi, Hanpumep C—C. Eciu
CO3AIOTCA YCAOBHA ANS OOPA30BaHHS BTOPOH CBASH MEX/Y aToMawmy,
TO elo MoxeT GHTH TONBKO -cBA3b, Oe cBfA3A B popMynax 06osnada-
foTca ueprouramu, Hampumep C=C. Tperbs cBA3b TOXKE MOXET GbITb
TONBKO 7-CBA3LI0. Bee TpH CBA3M B CTPYKTYPHHIX dopMynax ofosna-
qal0T YePTOYKaMH, Hanpumep C=C.

Paccmorpesinble Bhillle TEOPETHUECKHE PACCYKACHHA BeCbMa TPYAHO
npHMEHATHL K yraepogHomy atomy. HecMotpa ua T0 9TO OH HMEET M e-
SKBHBaJEeHTHHE opO6UTaau (Ase p-opbuTamy M OJHY
s-opOHTaNb C ABYMA SJNEKTPOHaMH), B GONBIINHCTBE HACHILEHHEIX COE-
JAMHEHNH yraepofunil aToM o0pasyer YeTHpe O AH HAK O B hi e #B 1-
8 H. : _
70 NPOTHBOPEUHE PA3PELIAIOT NPH NOMOULH 2unomesel 0 eubpuduaa-
yuu. [TpusEMaerca, uto us Heckonbkux AO ¢ pasnnuHO# sHepruei u

“’ ‘} f Borwyaiense T 1‘ T ﬂ
t ) T
C*

C
Pue. 11, Pacnpegencnute 31eXTPOHOD B aTOME Yra
Jepofila B OCHOBHOM H BO30YIHJEHHOM COCTOANHAN

pasanunol cuMmerpuefi obpasyerca Takoe e YHCAO THOPHIHEX OpGH-
Taneii ¢ oppHAKoBOH sHeprHell M oAuHaroBoR cummerpuedt. I'mOpuau-
3aIHA JIONYCRAETCH TOJLKO NPH 00PasoBaHHH XUMMYECKHX CBsdel, H
CHOPUANBYIOTCS OORMHO YacTHYHO 3aMOMHEHHHE (HMelolHe N0 OIHOMY
snerTpony) AO. IMosromy ru6pyuausanun AQ yriepofHoro aroMa Rpens
wecTByer BosOyxuenue (puc. 11).

Tak, npy B3auMOReHCTBAM OAHOM - ¥ Tpex p-opGHTanefi ofpasyercs
yeThipe spS-rUGpUAHLIE  OPGHTaMH -~ OPOUCXOAMT Sp-THOpHAHIALMS
(puc. 12). Ocu cHMMeTpHH THOPHAHLIX op6utanefi 06pasyoT MEXAY CO-
Gofi yrae, papuse 109°28’ (TeTpasppuvecknit yroa).
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BosMoxHbl #Ba ApYrHX THNA MHGPUAH3AUHMH, B KOTOPHIX HE ydact-
BYIOT OfIHA WJIK JBe p-op6HTaAu. Bo-mepshIX, BO3MOXKHA Sp2-ruGpHiH-
3auus, B pesyabratre KOTOpOH obpasyerca Tpd sp®-ruGpulneie opbura-
AU W OCTaercsi OAHA HernOGpHAH3OBaHHad p-opOHTanb. OCH CHMMETpHM
sp-rHOPHIHBIX opGuTaneli HAXOAATCA B ORHOH HANOCKOCTH H o6pasylor
MexAy coboii yroa 120° (Tpuronaabreift yros), a oce p-opGuTanu Ha-
MpaB/ieHa MEPHEHAUKYNAPHO IVIOCKOCTH TpeX ocel sp3-rHOpHAHLIX op-
Guraneli (puc. 13).

Bo-BTopbix, BoaMomHA Sp-ruSpuAH3AlLHA, B pesyabTate KOTOPOIl
ofpasyioTca e sp-ruGpusiHele OpGUTANN K OCTAIOTCS [iBé B3aHMHO Iep-
HCHAHKYAAPHbIE HeruGpuiu30BaHHbe p-opOuTaiu. OCH CHMMETPHM

p

sp?

'
sp?

spt
Pue, 12, sp3-Tnbpugk- Puc. 13. sp*-T'u6puau- Puc. 14. sp-Tubpugusa-
3aUHA OpOHTanell 3auus op6uTadeil uusa opéuraineil

$p-rAOPASHEIX OpOHTANell HAXONATCA Ha ORHOA npRMoOfi (IUrOHaALHULI]
yron 180°) (puc. 14}).

B nmpuBeneHHLIX Bhitle PHCYHKaX [OKasalbl TONBKO NOJOKNTEdb-
Hble YacTH FHOpHANLIX opbuTaned. Kaxnas W3 HHX HMEET Takke H

HeGONBIIYI0 OTPHLATENBHYI YacTh, Hampumep: &P
INpencrasnerus o6 sp? - U sp- THOPHAH3ARUKM UCHOIBIYIOT A18 O0BSC-

?em-m lg} H306paXkeHns OOpPa3oBaHAA JABOMHBIX H TPOMHEIX CBR3eH
puc. .

FunoTesy o ru6pHAN3ALMH MOYKHO NPHMEHHTb H RIS APYTHX ato-

Mo —N, O,S8i,S, Pur. a.

Heo6xonuMo orMeTHTs, YTO RpeicTaBienust o rubpuamsaunn AQ
npH o6pa3oBaHHH XNMHYECKHX CBR3e¢H SBASIOTCA TOJIBKO NPHEMOM Ha-
IVIAZIHOrO AOCTPOSHUS MONEKYNAPHRIX 0pBrTaneh o- u n-tina. UMsiores
H Apyrue, HO Gosiee CAOKNEE KBaHTOBO-XHMHYECKHe NpHEeMBl, HPH HO-

CH, H;CamCH, , HC=CH

I £ Tt

AR n JR = 1
o g > 0~-c e e
A S <l

H
Puc, 15, O6pasopaHue 0« U fn-cBaselt
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momy xotoputx MO crpoaT 13 HernGpuausoBanHex AQ 1 RONYHAKOT aHA-
JIOTHYHEIE Pe3yJIbTATHL. '

Takum o6pasoM, B OpraHUYeCKBX COSAHHEHHIX BRIAEASIOT B THNA
CBs3elt — 0- H K-CBASH, H FOBOPAT 00 G-3JIEKTPOHHOM OCTOBE, Ha KOTO-
poM O6pasyloTcs N-CBA3H H R-3ACKTPOHHLIE CONpPSIKEHHBIE CUCTEMEL.
310 ABAAETCA HEROTOPEIM NPUC/HIKEHNEM, HO OYEHL NONE3HBIM AAS Op-
TaBHYECKONl XUMHUM.

KBantoBas opraHuyeckad XHMWS HOKasaja, YTO B MO/MEKYJax oOp-
TaHHYeCKHX COeAHHEHHN VIEKTPOHBL HAXOAATCA Ha CTPOrC ORpeleneH-
HHX YPOBHAX 3SHEPrHH — MOJCKYJNAPHHX OpOHTANAX.

Ecan sanonnesH Bee cBaseiBaomue MO, T0 roBopaT, 4T0 MOJNERya
BaXOJHTCA B OCHOBHOM COCTOAHMHU S,. IIpu mOraoimesun 3HEPTHH MO-
JKET HPOHCXOAUTL Nepexol IEeKTPOHA Ha SHepPreTHYecKH GaHaeKa-
Y10 CBOGOAHYIO (pa3phxasioltyio) op6uTans. Tak MoneKky/aa NepexoauT
B BO3OYXKICHHOE coCTOosHHE Si.

" Hanpumep, MoneRyaa MeraHa uMeer ueteipe g-cBasd C—H, vern-
pe OfMHAKOBHE CBSigMBalolpe opbutanu (Rpu Gosiee TOYHOM PAcCMOT-
PEHUH HAX0 YUHUTHBATH B3aAMOJCHCTBHE STHX opbuTaneit H o0pa3oBaHie
ABYX SHepreTHaeckux ypopmefl). Hmeercsa Takike yeTHpe paspHXJsio-
ﬁne op6;lrann (o*). Moxer npoH30RTH SJAEKTPOHHLIA Tepexoln ¢—-¢*

uc. 16).

B MonekyJsie sTHNIeHa HMeeTCH NATh G-CBA3el H OfiHa N-CBASh, a 3Ha-
YuT, ABa THNA opbuTtanell — o H x (puc. 17). Or n-opGutanes aerue or-
PHBATL SJEKTPOH (MEHBINAS SHEPTHA HOHM3ALMH). R-DICKTPOHHEIE
CHCTEME Aierde BoaGyxxpaiores (Aepexofipl w—»m*),

Or Kaxk0# OpraHHYECKOH MOJIEKYJTH MOXKeT GHITE OTOPBaH 3AE€KTPOH.
SnerTpoH o6bMEO YXOAMT OT BHcwed sanatoii MO (manpamep, or
n-op6HTann 3THAEHA). B pesyanrare obpasyercs KaTHOH-paAMRaN gac-
THUA ¢ HECAAPEHHBIM IJAEKTPOHOM H TONORUTENBHHM 3apaioM). llpa-
COCHHEHHE 3IeRTPOHA NPUBOIHT K aHHOH-PaguKany (puc. 18). dnerTpon

— e — e g* +___
8

S - A
At A e e 4
Puc. 16. Bo3lyxnente MOJEXyJn MeTaHa (3aeKTponnui
nepexoa a—>o0*)
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4
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Puc, 17, BoaGykaeune MOIEKYAH 3THICH2 {A->n*-nepexon)
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noMeHiaeTcs Ha Hpawed ceoGoAHON MoNeKyaapHolt opburaau (HanpH-
Mep, Ha n*-opOuTANIH 3THJEHA):

- +é=
Avt == A: ——> 1A,

OTpHB IEKTPOHA XapaKTepH3YloT aHepruel uouusauuu (M), ko-
TOpas BHIPaXaeTCs B eMHULAX sHeprud {k[x/moan, 3B, Kran/moan).
TprcoeanHere 3MEKTPOHA XapAKTEPUIYETCH CPOACTBOM K 3/IEKTPOHY.
JpyruMy coBamu, SHEPrusi HOHH3AUHH XapaKTePH3YeT SMEKTPOHOLO-

P T, Sewe— RN . TV e e amte—
— —

= +
T M

S TR TR TS
fcH,cH, It (en,=cu,1*

Puc. 18, Pacnpefeaenne 3JMCKTPONOB 1o OPGHTaNAM
KaTHOR-PAAHKANA H aHHOH-DAXHKANA 3THACHA

ROpHDIE CBOMCTBA YaCTHLE!, d CPOACTBO K 3JEKTPOHY, — 3MeKTPOHOAK-
LenTOPHEIE CBOMCTBA.

IlepBrix GoMbIIMX YCNEXOB KBAHTOBAA OpraHHYecKas XHMHsA Jo-
CTUT/IA NMPH OOBACHEHHY CRONCTB CONPSKEHHBIX CHCTEM, 0COGEHHO OeH-
30J1a H APYTHX apoMarRuecKux coefnuenuit (ra. VI.A.3).

Tounoe NPHMEHEHVe KBAHTOBOH XHMHH U CJOKHHX MONEKYJ: Tpe-
6yeT orpoMHBIX MaTeMaTHYecKHX Buumcsaenuil. IlosToMy aosroe Bpems
NPHMERSAANCE BecbMa IPyOile NPHGIIKEHHS, HaOPAMEpP paccMarpH-
Ba/nach TONBKO 7-3/IEKTPORKas cHereMa. B nmocaenuee BpeMa Gaarofapsa
HHTCHCHBHOMY Pa3BHTHIO BHUHCJAHTEALHON TEXHUKH CTIH ROCT YIl-
HBIMH pacyeThl KaK 5t-, TaK H §-3JEKTPORHBIX CHCTEM. DTO NOMOracT Ayd-
e KOHATH CTPOCHHE MOAEKYJd, HX (PH3HUECKHE H XUMHYECKHE CBOHCTBA
M NPeACKAa3aTh BO3MOXHOCTb OCYHIECTBICHHS XUMHMYSCKHX PpeaKkumi,
NOJIYYEHUS HOBBIX HeOOHUHHIX coeluHeHHH.

6. PHINYECKHE METOAbI
8 HUCCIENOBAHHH
OPFAHHHECKHX COEAHHEHHHA

Jlna H3yuenusi opraHHYeCKHX COCRHHEHHH M HMX peakuuit HCMoaAb3y-
IOT MHOMKECTBO (M3HYECKHX METOJOB. 3TO MOMOraeT peluaTh TaKue
(pyHraMeHTANBHBE 331a4H, KAK YCTAHOBASHME CTPYKTYPH M MPOCTpaH-
CTBEHHOrO CTPOEHMA OPraHHYECKHX MOMEKYJ, XapaKTepHCTHKA MOJae-
KyJaapHEIX op6uTaneli, H3YueHNe B3aUMOAEHCTBHA ATOMOB H MOJEKYJ,
HCCACAOBAHHE CKOpOCTE H MEXaHH3MOB peakuuil.

Huxe KpaTKo paccMOTpeHE! BaHeiwde GpH3UYeCKHe MeTOABl, T. €.
CYIIHOCTh METOA3 M BOSMOMXKHOCTH NpHMEHEH.
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1. PEOPAKTOMETPHA

PepakroMerpHuecKKA MeTOA HCCAEAOBAHHA W3BECTEH AABHO. Cast-
3BIBATh 3HAYeHHE K03(uuHeHTa ApENOMNEHHA CBeTa CO CTPYKTYpol
OPraHHYECKOro BelHEecTBa MOXKIIC NPH NOMOLIH MonekynspHoi pedpak-
eun (R). Coraacxo JlopeHuy

nt—1 M '
kw7

rie 7 — XKoxppuudenT npeaoMaeHHs cBetTa AAg D-NdHHM HATPHA
(589 mm); M — moaeKyaApHAs MacCa BelIECTBA; @ — IIAOTHOCTD.

Okasajoch, YTO MOJEKY/sipHAA peppakuus KuMeeT QANUTHBHEIS
CBOHCTBA, T. €. MOIEKY/AApHAS peppakuLus MOAEKYNH MOXKeT OLITL 1o-
JydeHa CYMMHpOBaHHEM pedpakuull cOCTABHEIX YacTeH MoaeKy.asl. Ta-
KHMH COCTABHBIMH HacTAMH ABAAIOTCA XHMUUECKHE CBA3H II COBOKYII-
HOCTH CBfi3ell M aTOMOB. STH peppaKklvi BhYHCAEHH HA OCHOBE HCC/e-
JOBAQHAN MHOTHX OPraHHYeCKHX COeAMHEINi H MOTYT OHTL Hafaelul B
cnpapounnkax. Hanpumep:

Ren,=4Rc.pi Reyno,=3Rc-nt+Re-n+Ruo,

fiBJeRre NpEnOMJIEHHS CBeTa CBA3al0 ¢ MOASAPHU3YEMOCTBIO 3MEKT-
ponHON cHeTeMB! Monekyn. [loa BANAHHEM SJEKTPOMATHHTHOrO NOIS
cBeTa NPOHCXOAUT MOJAAPH3AUMS MOMEKYJ, B OCHOBHOM HX S/EKTPOH-
HuX cucreM. UeM RoABHKHEE SJIeKTPOHHAsA CHCTEMA MONEKYJBb, TEM
Gonsiue KoadxpHUHEHT NPeIOMAEHHA CBETA ¥ MONIEKYIsIpHAA pefppaKiua.

Hccnenoeanust MoseKyaspHoit peppakuHd MOryT ObITL HCIOAL30-
BaHH! A/l YCTAHOBACHHA CTPYKTYDH coefiHentd. Tak, 1A #3yyaemoro
COEMHEHUR SKCNEePUMEHTANAbHO ONPEeAesioT MONEKYJSAPHYIO pedpak-
LRI0 H CPABHUBAIOT ¢ pedpakluel, NoAYYeHHON CyMMUPOBaHHEM ged-
paxuuii cBasell no NpeanoJaraemoit CTpyKTypHOK dopmyne. Ecan pe-
3YABTATH COBNAAAIOT, TO MOMKHO CYHTATh CTPYKTYPY MROKA3aHHOH, €CiH
HeT, TO HA0 MCKAaTb APYTYI0 CTPYKTYPY. B Hexoropmx cnydasx Ha-
GAIONAIOT CHABHOE YBEIHYSHHE MONEKY A PHOM pedpakIyy o cpaBHEHHI0
¢ OXMHAAeMOlt (3K3aNbTalH pedhpaKUHIT). ITO XapaKTepRO LA colpd-
JKEHHBIX CHCTeM.

3raveHus MOJMEKYJApHON pedpakuiUH XHMHYECKHX CBA3eH, aTOMOB,
‘MOJIEKYJl M HOHOB MOryT ObITh HCAOJB30BaHH AASl Ka4eCTBEHHOH OlleH-
KH UX TIONSIPH3YEeMOCTH. f70ASpUsyesocmoio MOEKY bl {HOHA, CBS3K)
HA3bIBAIOT CMOCOGHOCTD € K HOASPH3aUHH, T.e. K H3MCHeHNi0 NoJO-
KEHHST /1P M COCTOAHHS SMIEXTPOHHOro 06GNaKa MOA BAHFIHEM BHeLl-
Hero 3JIEKTPHUECKOro noisa. B OCHOBHOM NPOHCXOAMT 3/€KTPOHHASA
NIOASIPH3ALMHSA .

3naueHus R ¥ cpaBHEHHE NOMAPHIYEMOCTH PAaAIIYHEIX CBA3EH NpH-

BEACHEI NPH PACCMOTPEHRH OTAC/MBHHIX K/IaccoB CoelMHEHHUH.

2. KAJJOPUMETPHA

KanopuMeTpus sBAsieTCS METONOM HCCISKOBAHHS TENJOBHX 3(xbek-
TOB XMMHYECKHX Peaxiil i TpoHeccoB (Ha3oBEIX NepexofoR (Hanpumep,
nnaBaenusa, KPHCTanNH3alluH, BO3ronXY, Xomaencammn). Ilpouecc
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(peakumio) NpoBOAAT B CHEUMaNbHBIX NPUEOPAX — Kai0pumempax W
KOJIMYECTBEHHO OLCHMBAIOT BLLICJMCHHOE UJIH MOIJIOMEHHOE TeI0. Peak-
LHH, TPOTEKAMOUIME C BBIIEJEHHEM TEIIOTHI, HA3HBAIOT IK30MepMuUde-
CKUMU, peaKiud, NPOTEKAloll{e ¢ MOIVIOWEHUEM TemJIOTh,— axndomep-
MudecKumuy.

Hacro TensioBoit adheKT peakuuH 0603HAYAOT MPOCTO KaK TEILIOTY
peakunu (TEMJIOTY CrOpaHMs, TEMJIOTY BO3FOHKH M T.4.). [IpaBuibhee
YROTPEOAATL NOHATHE dnmarenus peakyuu. JIas m1o060ro XUMHYECKOro
BEILECTBa MPH CTaHAAPTHBIX YCIOBUAX XapaKTePHO ONpeAe/eHHOe 3HA-
Y4eHHe HEKOTOPOH BeNIMYHHEBL, Ha3blBaeMoil anmassnueti (H), a Tennopoi
sdxpeKT peakumit BhipaxaloT pasHuueil sHtaabnuii (AH) peareHToB M
NPOAYKTOB PeaKUMH H HAa3blBAlOT SHTAJNBIHEH pPeaKIMH.

Tennora peakuun M 3HTAJbNHA HUMEIOT NPOTUBOMOJIONKHBIC 3HAKH.
Hanpumep, 11 sk30TepMuyecKoll peakly TEIIOTa PEAKUUH MOJOKH-
TeNbH4, & 3JHTAJIbNUA pPEaKLUUH OTPHUATEJbHA:

C (¢vpadut) + O, (r) — CO, (1) --393,5 k Ik /Moas

Tag, ana cropaums rpadura monyvaercs NOMOKUTENbHAsA TeILIOTA
peaxuun, a AH>=-—393,5 gkJIx/Monp (AH° BuluncaAeTCA A/ cTaHjapT-
HEIX ycaoBHil — 25°C u 1 arm wan 101,3 &lla).

TennoBo#t ekt BEIpaKAIOT B KUIOIKOYASIX HA MOJb (HJIH B KH-
JIOKQJIOPUAX HAa MOJB) * .

KanopumerpuyeckuM IyTeM ONPENE/IAIOT MOJISPHBIE TEMIOTHl Cro-
pauns BemectB. B cBoo ouepenn Temnotel cropanus (W) ucnonbsytor
AJ17 BBIYHCEHUA Meniomol 06pa306anis BellecTBa £ MM CTanAapTHOI
3HTanBENUM obpasosanus AH°. Temnora o6pa3oBaHusl BEIIECTBA MOMKET
ObiTh BLIUHC/IEHA, HCXOJA M3 3/IEMEHTOB B ATOMAPHOM COCTOSIHMM MJIH
13 3JEMEHTOB B «CTAHNAPTHOM» COCTOSIHHH (Yruepox B Buie rpadura,
rasoofpasubiil Bojopox H, ¥ T. A.), IpH 3TOM NOAyYeHHBIE YHC/IOBbIE
3HaYeHHUs1, eCTECTBEHHO, OTVIHYaKTcsi. [IpH paccMoTpeHHH TaGaIMUHBIX
JAHHBIX Ha 3TO Halo ocoOeHHO ofpauiarh BHUMaHHe. OOLIYHO TEMJIOTH
06pasoBaHUA BELIECTB JJiA NPOLECca BHIUUCAAIOTCS M3 aTOMOB 3J1€MeH-
TOB, a AH®° — 13 3/1eMeHTOB B «CTaH/apTHOM» cocTosiHuu. Hanpumep,
TEI10Ta 00PA30BaHUA YTIJIEBOJOPOAOB U3 dTOMOB!

m m
e, = [“Qco2 +5 QHZO_"nS_——Q‘DHQ] - W,

rae W — tennora  cropanuf; Qco, — Temiora ofpasoBanus CO,
(393,5  kJIx/Mosb); Qu,0 — Temuora 00pa3oBaHHUA  BOJIBI
(285,8 kllx/monb); S -— Tensora aToOMM3alHH (BOSTOHKH) YIJepona
(rpadura) (—715 xJK/Moab); Dy, — Tensora aroMmsaudu (IHCCO-
LLHAIIH) MOJIeKYJbl Bogopoaa (—436 kJIx/Mo/b).

HeM MeHbuIe TemoTa cropaHus, TeM GOJbLIE TENJ0Ta 06pa3oBaHus
IJ COGIMHCHHH OIMHAKOBOIO COCTaBa.

Tennora o6pasoBanus MOMEKYJH H3 4TOMOB HA3BIBACTCSl TaKKe
3Hepauell 06pa308aHUA MONCKYAbL. DTY BEJHUMHY HCIOMb3YIOT JUIA CPaB-
HEHUS CTaOWJIBHOCTH pasjiMYHBIX COEJMHEHHH M A8 BBIYUCJICHHS

* 1 kkaa=4,187 klx,
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Tabauya 1, JHepPrus HeKOTOPHIX XMMMueckux cBaseit (13 k% /MOsB)

Aueprud,

Coa3b l?ﬁ{i(s;iloi{w'b Casian Kaﬂl:l)?{;;:;:}l'b Casi3b KK/ MO
— 344 C—N 292 C=C 615
IC\:I—CN 159 Cc—-0 350 N‘:N 418
0—=0 143 C—F 443 C=N 6‘15
C—H 415 c—Cl 328 C=0 725
N—H 391 C—Br 279 C=C 812
O—H 463 C—1 240 C=N 890

MepMOXUMULECKOLL dHepeuy XUMHUECKHX CBsiseli  (IHepruu cBsized),
NpHHUMAs, YTO IHEPrHs cBA3ell HMeeT aJUTHBHBLIE CBOHCTBA.
MoxHO HafiTH Takoi naGop sHadeHHH SHEPTUH CBsI3eH, CyMMa KOTO-
pBIX M0 BCEM CBS25M MOJEKYIEl PaBHa Tensore 00pasoBaHHsi BelleCTBa
B rasoo0pasHoM COCTOSIHHII H3 aTOMOB COOTBETCTBYIOUIMX 3/EMCHTOB.
Sueprun cBszeil ABJISIOTCA B HEKOTODOH CTENEHH YCPEIHECHHLIMH
BeJIMUMHAMH, M B JUTEPAType BCTPEUAIOTCH HECKOIBKO OTJIHYAIOUHECH
sHaueHus 9 OAHIX M TeX e cBssel *
B KauecTBe WIMOCTPAiUH NPUBOAMM 3HAYEHHS SURPTIH HEKOTOPLIX
ceazefl (raba. 1). ,
Sneprus ceazelt C—C, C—H u apyrux MOmer MMeTb HECKOJIbKRO
pa3iHyalon(Hecs 3HAURHHA B 3aBUCHMOCTH OT COCTOAHHA THOPHAM3AIIN
1 OKPYZXKEHHs aTOMOB. ) )
Suepruu cBsizeil MOryT ObiTh KCHOMBL3OBAHBI J1 OLUEHKIl TEIIOTDI
06pasoBaHdsi MOJEKY./bl MyTeM CyMMIIpOBalllid:

Ecn,=Ec_ctbEc_n.

STOT MeTon ABAAETCs BechMa MPUOIIKEHHBIM. r
B OTAEJBHBIX CIy4amX Y/aercs H3MepHTh amepeuto Ouccoyuayuu
OTIENBHBIX CBA3EH (METOAb CIEKTPOCKONUH, (POTOHOHH3AHH, 3 TERTPOH-
HOro yjapa). Dra 3SHeprHA XapaKTepPH3yeT NpPOLeCC pasphiBa CBISH

Tatauya 2. IMeprus AHCCOUMAUMHN HEKOTOPBIX XHMHYECKHMX CBAI3EH

JHEPrus Sueprus
Csf3b RI{KCJCIO,E./I:?(;{;{:I Cps3b ullf(cjigb?g;x:{,
F—F 158 HsC—CH, 368
Cl—Cl 243 (CH,4)3C—CHj 335
Br—Br 193 C¢H;CH,—CH; 293
I—I 151

* B yuefHHKe HCIOJL30BaHb fanHble u3 ku.: Moanur JL., Hoaunr I, Xavus.
M., Mup, 1978.
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¢ ofipasoBaHHeM CBOGOAHMWX PAZHKANOB:
A~B —» A-+4B. —E,p,

Jnst AByXaTOMHBIX MOJIEKY.]l SHEPIHS AHCCOHNMAUUH PABHA TEPMOXH-
MHYECKOH SHEPTHH CBAA3H, HO AN MHOTOATOMHHX MONEKY] 5TO HE TaK.
Hanpumep, sneprus aucconmaunn cesasu C—C B GoubIuofl cremenn
3aBHCHT OT CTPOEHHA YrjeBogopoaa (taba. 2).

TepMORHAAMUYECKYIO SREPTHIO CBAZCH M SHEPTHIO AHCCOUMALUY HC-
NOBL3YIOT AJIA CPABHEHHA H XAPAKTEPHCTHKH CTAGHABLROCTH H peaKii-
OHHOH C¢IOCOGHOCTH OPraHHYeCKHX CORNUHEHMUT.

3. UBMEPEHUE JIEKTPUYECKUX
JUTIONBHBIX MOMEHTOB

DACKTPHYECKHE AUNONBHBIC MOMEHTH (1 XapaKTEPH3YIOT aCHMMETDPHIO
pacnpefeneHus ﬁza.'lek'rpommﬁ IWIOTHOCTH B HCCACAYEMON MOJEKYJe
HIH XHMHYECKOH CBASH, T.e€. XapaKTepH3YIOT

. e T HOJAPHOCTB
HMH cBa3el: pHaY P MO

=i,

rae [ — papuyc-BEKTOp, COSMMHAIOWNMA LEHTPH TAMECTH 3apAAoB, M;
¢ — 3apaj B LEHTpaX Taxect#; g=0e (sgech e — anementapHbi ’3a:
PAA aNeKTpoHa, pabuuit 1,6-10-1 Ka; 8 Moxer mensathea or 0 xo 1)
B ennnnnax CH aunoabusiit MoMenT usMepsercs B Ky/10H -MeTpax. B an-
Teparype MOXKHO BCTDETHTH NHNOMbHBIE MOMEHTbl, BEIPAXKEHHHE B
emmnufnlx CI'C — ze6anx (D); anece 3apsn SJEKTpOH2 paBeH
;I_;:Se- ;I?HHL ;}?.-Cc:f?cenl.b a;al usmepsercs B aHrcrpemax (IA=10% cm),
HHH
e - P %1 'M'u IHIOIBHOrO MOMEHTa Ha3shlBaeTcA

B ofieM cnyuae sneKTpHUecKMi AHIOMLHEIN MOMEHT (nu mpocTo

ANTOJBHBIA MOMEHT) fIBJACTCA BEKTOPHOH BEAUMHMHOH M HanpapaeH
B8 OT UEHTPA TAKECTH MONOKHTENBHOrO 3apsija
K UEHTPY THAMECTH OTPUIATENBHOrO 3apsa.

UTOGE! ONpeNeNuTbL AMNOABHBI MOMEHT,
H3MEPAIOT AHIEKTPHUECKYIO KOHCTAHTY (Ha
CHenHaneHOM HpHGOpE — RHSAKOMETPE) M
KOHCTAUTY NPEIOMIEHHs cBeTa ANsi PacTBopa
BEIIECTBA B HENIONAPHOM pacTBopurene (Ge-
3001, AHOKCaH),

OKCIIEPHMEHTANBHO ONDEAENSIOT CyMMap-
HBIH XNOABLHBIR MOMEHT MOAeKyarl. Jlunoas-
HHifl MOMEHT CBA3M MOXKHO ONPENSAUTH HE-
MOCPEACTBEHHO TONBKO A/ JIBYXATOMHEIX MO-
JICKY.JI. I[HIIOJI[}HHI?{ MOMEHT MOJIEKYJIEI COCTO-
HT H3 BCKTOPHOH CYMMBI JUROJBHHIX MO
OTACNBHBIX cBA3eft. IlosToMy Aunosblble MOMEHTH CBfA2ef MO)K::I: };):1(::
CYHTATh HAa OCHOBE GOMBINOrO YHCAA 3HAYEHHI NINOMBHLIX MOMEHTOB MO-
JeKya (M0A06HO pedpakuus cBsaefi HAH TEPMOXHMHTECKOH SHEPTHR),
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Puc, 19. Cymmuposanue
nu;on bHLIX MOMEHTOB CB#-
seil;

paBc=(Wap+ric+
'H‘ABP' AC €08 0)11' 2

Ha puc. 19 nokasaso ofnpeje/eAne AMNOJALHOTO MOMENTA Znd
TPEXATOMHO MOEKYAbl BEKTOPHBIM CYMMHPOBAHHEM JHIONLHEX MO-
MeHTOB cBsizefl.

3uaueHHR XUMONLHHX MOMEHTOB CBA3efl MOXRO MCIOJB30BATH M4
OLEHKH s@@excrnnnuxa 38])65}108 & Ha atomax B moaapuofi casu. Ha-

+ -~

npumep, Ana cBasn A—B

PaB
I‘AB"&"!AB' OTCIO0a 6=‘TAB" .

TonapuocTs CBA3CH onpenenser peakUHOHHYIo cnocofHOCTb H Ha-
PpaBJeHMe PeaKIHH OPTaHIYeCKHX COSAMHEHHH B PEaKLHAX C HOUHDLIM
MexzuuamoMm {cM. Beex. 7.2). .

TMonyyeHHble SKCMEPHMENTANBHO 3HAYEHHA XHAOMBHLIX MOMEHTOB
MONEKYA HCIONB3YITCS Al DPOBEPKH NPABWIBHOCTH — MPHHATHX
CIpyKTyp. JlAA 3TOTO B CNpPABOUKHMKE HAXOAT AHAONBLHBE MOMEHTEH!
¢BsA3elt ‘COrJIacHO BLIOpPaHHOH CTPYKTYpHO# dopMyse H PacCIATHIBAIOT
HX BEKTOpHYI0 cymmy. Ecau pacuernasn BelHYHHa COBRAjaeT € 3Kche-
PHMEHTaNbHON, TO MPABHJILHOCTD H36paHHOi CTPYKTYPhL CTalOBHTCA
BecbMa BepoATHOIl.

4, PEHTTEHOTPA®HS U SJEKTPOHOTPA®UA

Pentresorpaduseckuii MeTON — PEHTTEHOCTPYKTYPHHIH aHANU3 — OC-
HOBaH Ha ApaKUUH PEHTreHOBCKHX JydyeHd B KpHCTalle BEUECTBA.
PeHTreHOBCKHE AYUH (3/EKTPOMAarHATHO® H3AYUEHHe ¢ ANHHOH BOJHBL
0,1—10 HM) NpN NPOXOKASHHH Yepe3 KPHCTAAR B3auMOLEHCTBYOT C
9/1€KTPOHHBMH 000J0UKaM# aTtoMoB. B pesyabrare 3TOro B3auMOzehcT-
BHR NPOHCXOANT AH(PARIMA PEHTTEHOBCKUX Aydeld H Ha QOTOMREHKe
noaydaercd AuGpPaKUMOHHAA KapTHHA — MATHA HAH OKPYMXHOCTH. Hs
AudpaKnHOHHON KapPTUHE! MpH MOMOILH CJOKHBIX PacuerToB NOaydalor
CBEICHHSA O PasMEIEH MM MOJIEKY/l B SMEMEHTapHON sueiike KpHCTaLIa H
O PacCTOAMIIAX MEHKAY AaTOMAMH H YIJ/IaX MEXAY XUMHUECKUMH CBA3AMH.
Yem MeHbLIE YHCIO JAEKTPOHOB B aToMe, TeM cJafiee pequieKcst peﬂge-
HoBekux Jyuedt. ITosroMy onpeaenutb MECTOHaXOXACHHE aTOMOB BOAO-
pola BeChbMa TPYAHO. :
PeHTreHOCTPYKTYPHHI aHaAn3 — OYeHb TPYAOEMKHH  mponecc.
JIna onpeneaeHHs CTPYKTYDH CpelHedl CloKHOCTR TPeGoBaloCh MHOIO
MecAleB CA0KHOH pacueTHoM pa6orhl. B mauiu aun Gnarojaps cosga-
HHIO CNEUHAJBHHX PEeHITEHOARDPAKTOMETPOB, pabGoTaOIUX aBTOMATH-
yecKu coryacHo nporpamme DBM, onpenenenne noaHo# CIpPYKTYpPH Tpe-
6yeT MeHbIle BPEMEHH.
Sunexmponoepauseckuil Memod TNONOGER DPEHTTEHOTPadHYecKOMYy
H OCIIOBaH Ha B3aHMOJEHCTBHH MOTCKA 3JEKTPOHOB ¢ BemlecTBoM. Ilo-
70K 3JNEKTPOHOB INPH TNPOXOKACHHUH UYepe3 ReulecTBo  HaNOMHHECT
aIeKTPOMATHYTHOS H3MYIeHHe ¢ OUeHb HeGOIbINOA ATHHOR BOIHH H Aaer
IHDPAKLKOHHYIO KapTHHY. JTH AUPPaKUHOHHBIE KaPTRHEL (anexTpo-~
HOTPaMMBl) MOXHO NOAYYHTH IS BEUIECTB B rasoo6pasHOM COCTOSIHRH
" EAH ANS OYEls TOHKEX Niaenok. Judpakuus anekTpoHos ofycaopaena
B32HMOAEHCTBHEM 3MIEKTPOHOB € aTOMHHMH AZApaMH.
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CyiiecTByeT TaKke Hetimporozpaduteckutl Memod CTPYKTYPHOTO
aHa.1H3a, OCHOBAHHBIA HA AU(PPaKUHH ITOTOKA HEHTPOHOB B MOJEKY-
Jlax BelecTBa.

AtH MmeroArl CTPYKTYPHOrO aHanu3a JaloT BO3MOXKHOCTL oOmpeje-
JHUTb HOJHYIO CTPYKTYPY MOJICKYIbl — MEXATOMHEIE PACCTOAHHA, YIVIBL
MEXY CBA3AMU, T. €. TOUHOE NPOCTPAHCTBEHHOE PACHOJONKEHHE BCEX
AaTOMOB MOJIEKYJIbI B KPHCTAITHYECKOH DPRIeTKe WAH B ra3oo0pasHoM
coctofHUu. METo oM peHTreHOCTPYKTYPHOTrO aHatH3a ONpeleneHa
CTPYKTYpPa TaKHX CJIOXKHBIX APUPOJHBIX BEUIECTB, KaK caxaposa, He-
HULMWAJMHH, CTPUXHMH, BuUTaMUH Bi,, Hekoropele Oeiku (Hampumep,
MMOLJI00HH) M HYKJEHHOBBIE KHCJOThI,

B pesyabTare CTPYKTYPHBIX HCCASIOBAaHUH B OPTaHHUECKOH XHMHU
6blIM TONMYUeHBl 3KCAepUMEHTA/IbHBIE JOK43aTelbCTBA YCTOHUHBOCTH
JVIMH CBA3EH H YIJIOB MEXIY CBA3HMH B COEJMHEHMAX OIH3KOTO THMA.
Paccrosinye MeXay aTOMHBIMU SApaMH B XUMHUUYECKOH CBf3H Has3bIBaeT-
¢ AJIMHOH cBA3N [ap. JJIuHA CBSI3U MCNOMB3yeTCsl A MOJAYYEHHsT Xa-
pakTepHO# TIOCTOSTHHOH aToMa — €ro KOBaJIGHTHOTO pajmyca rx. Ecan
CBsi3b 06pa3oBaHa JAByMs OJIMHAKOBLIMH aTOMaMH, TO KOBa.Ie€HTHBIH pa-
JHYC paBeH INOJIOBHHE [UIMHLI CBH3W. B ofmeM ciaydae AIHHA Mo000H
KOBAMEHTHOH CBSI3W pABHA CyMME KOBAJCHTHHIX PajUyCOB COOTBETCT-
BYIOIHX aTOMOB. JIMHA CHILHOTIONAPHBIX CBS3€l MeHbIIE, YeM cyMMa
KOBaJIEHTHBIX PATUYCOB:

lABer—{—rB——O,OQ(MA—xB),

TJE %A U %p — 3IEKTPOOTPUILATESLHOCTH aTtoMoB (Beea. 5).

KoBaneHTHbIE paauychl aTOMOB ABIATCA (YHKUHEH COCTOAHNSA
rubpuausanuu atoMa u tuna opburain. OObIYHO ¢ YCHICHHCM S-XapaK-
Tepa rubpuaHofl opburanyu KOBANEHTHBIA painyc yMeHbluaeTcs. 3Ha-
YUTeNbHEIE OCOGEHHOCTH JIMH CBA3€H BBIABJSIOTCA B COHPAMKEHHBIX
cHCTeMaX, B KOTOPHIX OHH MOTYT
CHJIBHO Pa3anyaTbhCst B 3aBHCHMO-
CTU OT THHA CONPSIIKEHHOH CHCTe-
MBI («BBIPABHEHHBIE» H «HELETOUHC-
JIEHHBIC» CBfI3W, Hampumep, B Oy-
Tanuene, Gensose u JAp.).

M3 pentrenorpaduueckux, ane-
KTpOHOrpaduuecKux H paga Apy-

l‘O,l‘)X Hwe | 0,36 1m |

Puc. 20. Papuyc sdderrusroro peiicr-
BHA MOJEKYABl XJ0pa
KHO MONIYUUTh HEKOTOPBIE IpYyrHe

XapakTepHble BeUMHB. Tak, HAOpHMep, MOYKHO YCTAHOBUTH HAMMEHb-
Lee PacCTOAHHE, HA KOTOpOe HOPU JAHHOH TeMreparype MoryT cOau-

3HTBCHA HEINOCPEJCTBEHHO HE CBA3AHHBIC aTOMbI WJH TPYNHHPOBKH, WU -

JiBe MoJiekyant (puc. 20). .

Ato paccrosHne oGosuauaercs [; (d,); NOJOBUHA 3TOTO PACCTOSTHHUA

HasblBaeTca paduycom apgpexmusroeco deticmeus amoma (paauycom Bau-
nep-Baanbca). Dpdekrupnble paguychl Beerga Gosblie, UeM KOBaieHT-
HBI€, H OHU YMEHBIIAIOTCA NPH TOBBLIUEHUH TeMIepaTyph.

B Ta6s. 3 npuBeledsl HEKOTOPBIE 3HAUEHUF ATOMHBIX PAiHyCOB H
yr.1oB. Clelyer OTMETHTb, UTO KOBAJeHTHBIA pajuyc aToMOB ApU spi-
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TUX (PM3NUECKUX MCCACI0BAHUEH MO-

Tabauya 3. KopareutHuie n sthdieKTHBHBIE PARHYCHI ATOMOB W Yribl
MeX1y CBA3SMH

AtoM ! 7, HM ’ Tod Ban;rn(;r;mﬁ
109°28’
‘ _ sp3, TeTparoHa/nHbL 0,077 —_ (109—113°)
’,—C‘x,.
R ' sp?, TpuroHaJpHbIH ( 0,18 120°
SSC T~CBS3b) (116—122°)
/A Cspz_'CSﬂ‘ 0,067
(B Gensoue
0,0695)
Cypr—Copa 0,076
sp, RHTOHaMbHbIH 0,18 180°
.—!—/— Csp—Csp 0,060
7 GG 0,07
H 0,03—0,036 0,1 —
N, TeTparoualbHblil 0,07 — 106—109°
N (uenopeneHHas Napa 3JEKTPOHOB) — 0,15 —
N, TpuroHasbHl 0,062 0,16 120°
N, IMTOHAJbLHBIH 0,055 0,15 _
O (R20) 0,066 0,14 105°
0 (X=0) © 0,051 0,16 -
S (R2S 0,104 0,17 95—100°
S (X=Y9) 0,094 0,185 —
F 0,06 0,135 ‘ —
Cl 0,099 0,180 _
Br 0,114 0,195 —
I 0,136 0,205 —

U Sp-THOPHM3ALHA MEHAETCS B 3aBHCHMOCTH OT THNA CBSI3H, HANpHMep
B meoiiroit cBasu C=C (Csp*—Csp?) KOBaTEHTHBIH paguyc atomMa yr-
nepona Csp* MEHbINE, UYEM B CBAI3H =C—C (Cspa—Csp1). KoBanentHsrii
pazuyc aroma BOJ0OpOJa 3aBHCHT OT THIIA COCJUHEeHHS. YTJh Av[e;[(’uy
OJMHAKOBBIMM CBSI3SMH B DPa3JMYHBIX COEJUHEHUsX MEHSIOTCs B Ipe-
nenax 3—6°.

3uaueHusl KOBAJEHTHHIX H 3Q(MEKTUBHLIX PANUyCOB H YIJIOB MEXIY
CBA3SMH UCNONB3YIOT J/Is1 KOHCTPYHPOBAHUA Mojesel aTOMOB U MoJje-
KyJ, CXeM MOJIEKY/I. Haubosee H3BECTHRIMH ABJSIOTCH aTOMIIbIE MOJed
Crioapra — bBpurseGa. Ilpunuun uX KOHCTPYKuuHM oueHb NPOCT.

ATom H306pa>}<a}oT B BHIE C(l)eplrl'-XECKOFO HJIH YaCTUYHO cq)epquec}{oro
Teja, PAAUYC KOTOPOro NPONOPUHOHAIEH [Fag. Teno YCEKaloT IWIOCKO-
CTHAMH COOTBETCTBEHHO UHCRY CBsA3eH U BaJICHTHOMY YTJY. ITnockoctu
Jexar Ha pacCToAHuH OT entTpa, IMPONOPUHOHAJSBHOM KOBa/N€HTHO-
My paamycy (puc. 21, 22). Ilpu coelyHEHHH 3THX aTOMHBIX MOAeJel no-
JyuaeM Mojelb MoneKyabl (puc. 23, 24, 25). Mogenu Mosexkya JHawor
Xopouiee IpeacTaB/aeHue O NPOCTPAHCTBEHHOM CTPOEHHH MOJICKY/JIHL.
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Puc, 2!, Mozean Puc. 22, M -
. ¥ . 22, Mojensr artoMa Puc, 23,
aroMa soaopola RucJopona Jxekyag ,,f.f;’fﬁ'“ uos

;:;c‘l. 24. Mojeas Moaexyam Puc. 25, Mozeab Mmoaexyam
JIeHa . aueTHACHA

5. BIEKTPOXHMHUYECKUE METOZBI HCCJIEAOBABUA

DNEKTPOXHMHYECKHE METOAL! OCHOBAHH! Ha SaBHCHMOCTH CHAB TOKA or
NPHJAOKEHHOr0 HANDSKEHUS NPpH NPOXOKACHUH TOKAa YEpPe3 pacTao,
B JIERTPONU3LPAX CNEURANBHON KOHCTPYROUH. B peayabrare no.nyqaq
0T KDHBBI® 3aBHCUMOCTH CHJIN TOKA - HalpsKehue (NOTeHUHMan)
3TH BOJILTaMIIEpHEIE KPHBbIE XapaKkTEPH3YIOT NPOUELCeH, npoxonnmm;
Ha snextpozax. Ha katone npouexXonur sieKTpoXMMuyeckoe Bocera-
HOBJIEHHE (NPHCOENHHEHHE SNEKTPOHa), a Ha aHOZE — SJ1EKTPOXHMH-
YECKOE OKHCJIEHHE (OTPHIB SA€KTPoHA). B 3aBHCHMOCTH OT TURA H3v-
YaeMOro mpolecea (aHOTHOrO WM KATONHOIO) NPHMEHAIOTES npn60p1?1
OTIHYZIOUHECA MeXAY co6oll COOTHOWeHHEM NJowmazel Mex'rpo,uoa’
MaTEPHANOM SAEKTPONOB M Ap. '
e onsporpadua. B ocuoBe nanaporpabuueckoro Meroma sexar
Ra ,Ill{l-!ble NpoLECCH (MPHCOEAHHEHNE S/1eKTPOHA K BEINECTBY HA pTyT-
oM, :natome.u ssekTpoze). [lonsporpapuyecknt meton coszan uemr-
umuk SI. Tefiporcknit (1922), 3a yto 6eL1 ypocroen HoGeses-

ckoi mpemuu (1959). Tlpuauunuaiouas cxema noasporpaga ouenp .

npocta {(pue. 26). OH COCTONT M3 Kamalouero pryTHOro MHKpPOSJIEKT- '
polia ¢ HEnpepHBHO OGHOBNAIOMIEHCA NOBEPXHOCTHIO 1 JIEKTPOZA cpaB-
HeHHA (PTYTHBU HAR APYro# HOPMadbHHI saektpon). Ilromanss ka-
TOLA 3HATHTENHHO MEHbIUE IJOWAAH aHOZA, NOSTOMY PEMAIIMHMH
B 3TOM cayqae ABAKIOTCA NMPOLECCH NOAApH3ALMA KaroAa. Opranuue-
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ckoe Belnzereo AUGGYHAHPYET K KATOTY H NPUHHMACT 3AEKTPOH, Upo-
HCXOIMT NENONAPH3IUMA KaToha (OpraHHdecKOoe BRikecTBO, KOTOPOE
CNOCOGHO  BOCCTAHABAUBATLCH, HasbiBaeTcs JAENOAAPHA3ATOPOM HJH

T0AAPOrpapuYCKH AKTHBHBIM BEIIRCTBOM). Jenonspusanua KaToia
HayuHaercs IIPH ONPENENEHHOM

notenuuane E.,, (N0TeHIHAN
BHIACJIEHNsT HJH BOCCTaHOBAE-
HASA, XapaKTepHbId 114 JAHHOTO

I, mxA ' . Tipenenkwutis TOK

R . A
|

E || Evw Ey, B

Puc. 26, Mpuununuansceas cxema noas-  Puc 27, TMoasporpaMsa

porpada

Aenoaspraaropa). B pesyasrare HaUHHACTCR MIEKTPOMHS H CHJIA TOKA
KpyTO BospactaeT. [Iph nocreneHHoM yBeIHUSHNHA HANP RKEHAA yCraHas-
JUB2eTCH HEKOTOpOe eTALHOHAPHOE 3HAYeHHE CHH TOKa (NPele/bHE it
TOK), KOTOpOE yiKe He 3aBHCHT OT TOBBHIIlIeHHS HaNpAKEHHA. B pesyab-
Tate Ha rpadaxe //E NOSABAACTCA NOARPOSPAPUUECKAR BOANG (puc. 27).
Kaxnaa nonaporpaduveckas BOJHA XapaKTePUSYETCA NOMERYUAAOM,
noayeosnss Eyje, KOTODHIH 33BHCHT OT KOHUEHTPAUHH BOAOPOAHKIX HO-
noB B pacrsope (pH) H remmepaTyphi, HO He 3aBHCHT OT KOHLEHTpa-
uun Aenoaapusaropa. [lorenndan noayBOAHE NPH ONPEASTCHHOM 3HA-
vyeru# pH siBasercs KOHCTAHTORA BelleCTBA.

[MoreHunansl TOJAYBOGAHN XAPaKTEPH3YIOT €POACTBO HacTHOb K
snekTpony (CJ), nosToMy OHH MOTYT GHTH HCUONB3OBAHH 14 Cpas-
HeHHA 3JeKTPOHOAKLENTOPHAIX CBORCTB CoERBEHHH. CpoacTBO K 3JeKT-
POHY CBA3ZHO € NOTEHIHAJIOM TONYBOMHBI BOCCTAHOBIECHAA SMUHPHYE-

CKHM BHIPRKEHHEM: Y
C3=aE3 +b. -
- CnenoBaTeabHO, NOJAPOrpadHio MOXHO HCNONL30BATh Af XapaKTe-
PHCTHKH Mpouecea:
At e~ — An
e

Ade~ —> Ad- —_— A2

O6paszopatue cBOGOAHHIX PAQHKAN0B MOXHO YCTaHOBHTH METONOM
S/JEKTPOHHOPO [apaMaPHHTHONO pesoxanca (Bsex. 6.10).

Meroa moasporpadHH IUAPOKO HCNOAB3YETCH ANA ONPEASNeHHS

KOHLEHTPAUMA BellecTB B pPacTBOpax.
AHoxHAa® BOJALTaMnepoMeTpHs. B oCHOBE 3TOTO METOAA JEXKAT aHOjI-
Hule HpoueceHl (OKHEAEHHE OPFaHAYECKOTO COEJHHEHIs HA NAAaTHHO-
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poM A rpabutToBoM amoge). C TOYKH 3PEHHA SKCIEPIMEHTAALHOTO
OCYIRECTBAEHAS ITOT METOR MojioGen nonsporpaguu. HaknenRnf SKc-
DePHMEHTAIBHO TOTeHUHAX NOAYBOABH oOkucueHHs Ey), Xapakreph-
8yeT 3JIeKTPOROAOHOPHBIE CBOACTBA COCAMHEHMN W WX 3HEPTHI0 HOHH-
samuu (3Y):

SU=aE} +-b.

IMocTosHEEE @ B & HAXOAAT ONBITHHIM NYTEM.
AHOPBHYI0 BOJILTAMIEPOMETPHIO HCTIOAB3YIOT AJA U3YYEHHS NpPOIecs
COB OKHCIEHHH:

D;""—'Da
-

D; —— D.+ —= D2+
-—g-

-

Metoa HCNOABBYIOT TaKXe AJISA KOJHYECTBEHHBIX ONpeRejeHuil Be-
HIeCTB B pPacTBOpPaXx.

PaspaGoran Mero LHKJIHYECKOH BOJLTAMIIEPOMETPHH, HO3BOJIAQ-
Wyl HccAeROBaTH NPONECCH BOCCTAHOBJAGHWA H OKHCJIGHHS HA ORHOM
B TOM K€ MEeKTPOAE B OAHOM pacTBope. IIpulop pHCYET LUKIHUECKYiO
BOJIbTaMNEPOrPaMMY, NO KOTOPOH OLEHHBAIOT NMOTEHIHAJE BOCCTAHOB-
JEHHR H OKHC/eHUS AAHHOIO OPraydvecKOro COeHHHEHHA.

6. CIIEKTPOCKOMMMYECKUE METOABI WCCIENLOBAHMUS

B ocHOBE COEKTPOCKONMUECKHX METONOB JEXHT B3auMOREfiCTBHE Be-

IECTBA ¢ SAEKTPOMATHHTHEIM H3JYYeHHEM, YTO BHBHEBACT HOLMIOMEHHE

HA/YUeHHA HAH ero SMECCHIO, B3aumojeficTBHe BO3MOXHO B 0YeHb INH-

POKOM MHTEpBasie SAEKTPOMATHHTHHIX BOJIH, HAYHEAR C y-Ayueli H

Korvast papuoBonsamu. [IpH BO3NEHCTBUH 3JERTPOMATHUTHOIO HSNY-

deuua NPOHCXCAUT KIMEHEHHE BHEPIuY MOJICKYJ COTVIACHO YDABHEHHIO
opa:

AE=E*—E, =Hhv,

rie Eo — 3HEpPruA OCHOBHOTO cocTodAHs; E*— >Heprusi Bo3Gyxren-
HOTO COCTORBMA; A — KoHcTanTa [lnaHKa; v — YacToTa H3NyYeHHA;

AE — usmeHenue smeprun cucreMul. Jlannoe ypaBHerue xapakrepu-
syer noryiomenue. B cirydae sMuccuu:

AE =Ey—E*= kv,

DNeRTPOMArRATHOE H3JNYYeHHE XapaKTePH3yeTCs KaK BOJHOBHIMHU
napaMeTpaMH, TaK # SHepreTHYeckuMH. BosHoBmME napamerpamu siB-
AROTCA AAMEA BOAHEL A (M, CM, BM) K uacToTa KoaeSanmit v (c—%, '),

KOTOpLIE CB3aHE MeXAy coGofi ypaBHeHHeM v = ¢/A, rjie C-— CKOPOCTh
cBeta.

OQueHp 4aCTO MOJL3YIOTCS BETHUHHON, HASLIBAEMON BOAHOGLLM HuC-
A0x (MHOTAA ee HempaBu/IbHO HA3WBAIOT YACTOTOMH): v=-)l: oM,
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SuepreTHyeckue MNapaMeTpsl XapaKTepH3yloT pasHuiy SHePriH
MEX]Y OCHOBHHIM B BO3CYKAGHHEM cocToAHuAMA (IHEPrHs Mepexoaa);
HX BHPAKAOT B 3JERTPOH-BOJBTAX (@B) wia JKOyAsX Ha MOTb

(x/Moms) *.
Mesy BOMHOBBIMH H IHEPrETHUECKEMH HapaMeTpaMh CYIIECTRYET
CHEeAyIoas B3aHMOCBA3b:

a[ux] =-l£3— [em=1]= %0 (sBL
a[sB] =}3:-(-) {#m] =8066a [em 1],

B ta6a. 4 BpuBefeH NOJHEI CHEKTP 37EKTPOMArHUTHOTO H3NYyUe-
HHS.

Tabauyn 4. XapakrepHCTHKA SAeKTPOMATHATHOIO H3AydeHIAd

3HePrHK | yagaprep WoMeHeHHT B Bewle-
Hanyuenne AAuna ROMRL, M K?‘:':I'l:ﬂ'li:ﬂsv- CIBo 1 HadpaBHe METORa
10-18—J0-2¢ 107—104 Suepreruyeckue Cocro-
Pllysn . fAnsT aTOMHHX ffep
e ne 10-10—{0-0 108102 OuepreTHIeckra COCTO
”l:;mr noBer SHHUA SJNEKTPOHOB BHYT-
penHux 0G0N0UCK
VapTpaduonero- 10-8—10~8 10%--1,2 SuepreTAYECKUe COCTO-
BOC H lfnaﬁmoe us- | (10—1000 am) AHUS SJEETPOHOB BREl-
AYueHHe HUX% 060/0YeK (9,71eKTPOR-
' ' : Hble CeKTPH MOTHOMEHHA
H guuccun)
H$pax pacHoe 10-6—10-4 1,2—0,012 HEpreTHyecKIe cocTo-
as:l/llyt?;%ﬂep (v=10000— ’ ’ AARA KoJebaHHI aTOMOB
—100 cu—1) (roseBaTeNLHasd CHEKTPO-
CKONMHA)
- - O
MukpoBoann H >10-2 10— BuepreTHyecKne coc
9 < 3. 1012 SHER BPAEHHS MOACKY,
peAROROTHL (v<3-10° Tu) COCTORHHUSA CNHHOB 3JIEKT-
pounos u_fAep (CHEKTpO-
ckonita I[P n AMP)

¢

B 3aBUCHMOCTH OT OGJAcTH 3JeKTPOMATHHTHORO CNEKTPa NpHME-
HAIOT PasiHIHBIE IKCNEPHMEHTANbHEIE METOLL H npu6opel. Uro0bl Ha-
6mofaTh CNEKTPH foraoulendd, HeOGXOAUMBI: HCTOUHHMK H3JIy4E€HHA,
KIOBETA ¢ H3YIaeMEIM BEHIECTBOM, YCTZHORKA 1A MOJYueHHs MOROXPO-
MATHYECKOTO H3JyUeHHs (C onpefenentofl ATUHOH BOJIHEI) C TPH3MaMH
uau audpaKOHOHROH PEIIETKOH, NPHEMHHAK I H3MepeHNs HHTEHCHE-
HocTu Hanydennus (Iajalollero H OpPOILeAINero Yepes ofpaszewn) H peru-
¢rpupylomad ycrasoBKa. .

pI'E)momeHZe H3JTydeHUs TIOAUMHsAETCA ONpENeNeHHEM 3aKOHOMeEp-
nocram. Ilpaswro Byrepa — JlamGepra — Bepa onpezenser saBHCH-

* | 3B=1,602-10-1 Tx (na 1 mogekyay)=1,602.10-19.6,0226 X
%102 Jx/moar=96,48 xOx/moas,
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MOCTh MHTGHCHBHOCTH mpolwegmero °PS3 BEMECTBO hanyveuus or
paaa ¢akropos:
1=1,.10-2¢¢; lg-IIl=ecd=D,
rie Jo — uuTeRcHBHOCTL Napaiomero VSIYICHHA T — HHTeHCHBHOCTH
UPOILEAIIETO Yepes BEMecTRO hanyyensh s & — KOSPOULHERT HHTeHCUB-
HOCTH Toriomenus (Kos(duupenr 2PXCTAEKUAN); D — ontugeckasn
OJOTHOCTb 06pasiia; ¢ — monspuasg KOHUCHTPaluA Bemecrsa; d -—
TOMIMHA CJIOS BENIECTBA, CM. : '
310 HpaBu/IO OTHOCHTCA K Tak Hasp!BACMBIM ONTHYECKHM CHEKTpaM
norsomenus (31eKTpoHRble chektpw FOMVIOWENHT H HHPpaKpacHbie
CHEKTPH MOIVIOIUEHHKS).

7. 3JEKTPOHHBIE CEKTPH norjokEHHA
W OMHUCCHH (JIIOMHUHECUEHLIIH)

SNeXTPOHHKE CUeKTpE oTHocaTest K 3 /1PTPAQHONETOBOM H  BHAUMO#

9aCTH S/MEKTPOMATHHTHOPO H3nyuenus ((FOTVIOMEHHE H SMHCCHA YabTpa-~

¢uoseToBoro H BHAMMOTO cBera), OGAACTE AMHH BOAH X0 200 HM
(6,2 sB) orHochTea K BaKyyra-y.mﬂ‘pad’”‘~""“’"'"°’3°i’i YacTH; B STOA 08-
JI2CTH TIOTJOWIAIOT amoocbepxme rasbi, fIO3TOMY HCCASNOBaHUA MPORO~
IAT B BaKyyMHBX yCTaHOBKaX. OGuypPl HHTEPBAN IR BOAH Aam
SJEKTPOHHEIX crieKTpoB 200—1000 uy (621,24 3B). Tpanunua unrep-
Bana 800—1000 uM npocrupaerca yxke § 0018CTH 6MmKHeN Hudpakpac-
HO# W 9acTbIO NPHGOPOB He perucTpypyeTcH- CXeMur npubopos Lns no-
. Jy9eHHA CNEKTPOB MOIMIOWEHHs H3oGpa*KEHH Ha puc. 28 u 29. Jlan

3 g
2| | p 7
g B =S

Puc. 28, Mpaauunnaserag ¢XSM3 0AROIYYEBO-

ro mpuéopa:
J—Del‘)'-llm ATHAK B AR 2,"0“0Kp°"a’r0p: S
ACTOMKAK cng‘ra: 4-mgns?n5-moseﬂ;..m;”- CTRHAAPTAOrG
BewieeTna # 06paana; - dorosnene ¢ ¢~ DETHCTPUDYO-
was yeranoBKa
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Puc. 29, Mpunuunnaisnas cxeM2 ABYXAyHCBO-
ro apuGopa:

/—asTomarnyecknlt MONOEPOMaTOP;
$-mens; ¢=ppepuBatent cpeta; o
BAPTHOFO peltecTna B Ofpasma;
¥CTaKoOBKa; 7 ~camMomucen

2=lCTOYARK CBCTAZ
~KIOBRTH AR CTafi-
& = pernieTpupyioias

Adum) IE AE, (3B)

Puc, 80, CnexTp morsouleuss

NONYYEHHS SMHCCHOHHHIX (JIOMHHECUEHTHLIX) CHNEKTPOB MOXHO He-
HOJb30BATH TAKHE KE WAH NoJ0GHHE NPHGOPE!, TOJBKO BMECTO HCTOY-
HHKA CBETA HAXOAMTCA KIOBETa C JKOMHUHECHIHPYIONIMM BeluecTsoM. Ms-
JAyueHHe HEMOCPEACTBEHHO BBOAMTCA B cmekTporpag.

CoexTp ‘'morJomenus H3oSpaxaerca rpapuYeckH B CHCTEME NpAMO-
YroJIbHbIX KQODAMHHAT, N[O OCH OPAHHAT OT KAAALIBAIOT HHTEICHBHOCTD
norJqowenus (e, lg e, D), a no ock abeunce — AMHHY BOJMHM A (HM) HIH
suepruio AE (3B) (puc. 30). CoBpeMenyble ABYXJaydYeBkle IPHOOPLL PH-
CYIOT CTMEKTp MOIVIOMEHHA ABTOMATHUSCKH Ha CHEIHATLHOM OJaHKe.

Ha noayuennoMm cnextpe oOmMHO ofpamiaioT BHIMAHHE HA MaKCH-
MYME! TIOFAOMIEHHS (Mygyc ¥ &), HO BAXKHO OTMETHTHL TaKie Neperu6mut
(uudviexcr), KoTopsle OOYCJIOBAEHA YACTHYHEIM NEPEKPLBAHNEM MaK-
cuMyMoB Toraomerusi. ITogoSnuM e ofpaszoM H300paxaiorcs 3MHC-
CHOHHEIE CHOEKTPHI.

MaKcHMYMBl NOTJIOIIEHHA YACcTO NOAYYaoTcA yumpenHuiMH. Ilpa
HH3KKX Temneparypax (Hrxe —200 °C) uan B rasoBoii pase MaKCHMyMH
SHAYHTENBHO YK€,

YaerpadhuoneToBeie W BHAHMEIR CHEKTPH MOTJIOMIEHHA U 3MHCCHH
cBfi3aHK ¢ BO3GYXACHNEM SJIEKTPOHHOA cHucTeMbl Bewtecrsa. [lpu mo-
rAoMIEHHH KBaHTA CBETa (HAJIy9eHHsI C0 CTPOrO ONpejeneHHOH 3Hep-
ruefi) wacTHUa NepexcAHT B Bo306YXKIeHHOE COCTOSHHE BCAEACTBHE
NEepeCcKOKa 3JEKTPoHa ¢ ONHOrO SHEpreTHYeCKOr0 YPOBHA Ha Apyrof
{co cBaamBaomuUX op6uTaneil Ha pa3pHXAfIOUMe opbrrann). Bosmo-
JKeH Leabill paf Bo3OYRACHHHIX COCTOAHIIH, HO CaMEIe BaXKHEIE H3 HHX
pepsule (S, — OCHOBHOe cocrosHue; Sy, S,, S; ~— Bo3OYKACHHHE CO-
CTOAHHA C CYMMapHBIM CIHHOM, PAaBHEIM HYJI0,— CHHIVIETHEIE COETOSI-
Hua; Ty, T3, Ty — BOSGyXKAEHHHE COCTOAHHA ¢ CYMMapHEIM CNAHOM,
PaBHbLIM 1,— TPHNJIETHEIE COCTOAHUA).

Ha puc. 31 cxematuuno uzofipaxkenst Sg, S; H Ty (opuBenens
TOMLKO BRICWIAS 3aHATAA M Mu3was cBoGoAHaA opOutanH). Taxk Kak
ans Kaxgoro cocronuusn (So, Sy, 73 R Ap.) XapakrTepHa onpenejeHHas
SHEPrHa, Ha SHEPreTHUECKHX NHArpayMMax HX M300paKaloT Kak caMmo-
croaTensHue ypoBHu (puc. 32). Ecim BosfymnenHoe cocrosuse o6o-
3HaYNTE A*, TO TMpOUECC MOIVIOUICHHA CBETa MOXHO M306pasHTh cJie-
AYICIIUM YPaBHEHUEM: -

So-+hv—s A®

Bpemsi xusEu BOSGYMAEHHHX COCTOSIHHEA OYEHb KOPOTKoe: A
CHHIVIeTHHX BO3GYXACHHNX cocToARKA oo pasHo 10~%-—10"¢ ¢, a and
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TpuneTHblx — 10~2—1 ¢. Jle3akTuBauus BO3OYXKACHHBIX COCTOSIHUIL
MOXET TPOHUCXOAHTH TPeMs NyTSMH:

a) NOCPeACTBOM H3JyYeHUs — 3MUCCHH (JIOMHHECLeHIHs): A* —
— So+-hv;

6) BO30YK/AEHHOE COCTOSIHME OTAA€T CBOIO SHEPTUI0 B BHAE TElIOThI
(6espianyuarennHbiil nepexoxn): A* — S,+Q;

B) MOXKET IIPOU3OMTH PaspblB OAHMX XHMHYECKHX CBsizelt U ofpa3o-
BaHMe HOBBIX ((OTOXMMHHYECKHE DeaKLuH):

A* — TIpoaykThl (GOTOXUMHUUECKOH peakUinu

Ecau 3muccust o6ycioB/ieHa Bo36YKAECHHBLIM CHHIVIETHBIM COCTOSI-
HHEM, €€ HAa3LIBAIOT ¢hayopecyeryueri (3MUCCHSI MOMEHTANBHO HCYE3AET

Puc. 31. OcHOBHOE COCTOAHUE
U BO36yXJeHHbIE COCTOSHHSA

Puc. 32. CxeMa Je3aKTHBa-

0 S T LHH BO3OYKACHHUSA MOJEKY MLl
p—
o 3
S, = \—;21
0 — i =
Ilor:owenue QI1yopecuenums PocdopeceHIN S i&

Konebarenuste yponum 0, 1, 2, 3

nocse CHATUA BO3OYKAAIOMIET0 HCTOYHHKA CBETA). IMHCCHIO, O0YC/I0B-
JIEHHYIO TPHIJIETHLIM COCTOSIHHEM, MOXKHO Ha6J/10JaTh U I1OC/Ae CHATHUS
UCTOYHUKA CBET4, W HasblBaeTca OHA (ocghopecyenyueld (nocaecpeye-
HUeM).

CHHIJIETHOE COCTOSIIME MOXKET IePeHTH B TPHUIIETHOE l1yTeM Ge3nla-

JIy‘-IaTEJIbHOﬁ KOHBEPCHH (S ~—=T))

[pu morsomenny 31eKTPOMarHHTHOrO H3JAYUYeHUs! B LIKPOKOM HH-
TepBA/e MOXKET MEHSTHCSI HE TOJIBKO SHeprHsi 3J€KTPOHOB, HO W 3Hep-
THS aTOMHBIX KOJeOaHuil W BpAUleHUst MoJieKy 1. [l usMeneHns suep-
THH 3JIEKTPOHOB TPeOyIOTCSl CPABHUTENBHO GOJILIINE KBAHTLI SHEPIHH
(1—73B), B To Bpemst Kak AN H3MeHEHHH KoMe6aTeNbHOH SHEPTHH —
3HauuTenbHO MeHbume (0,06—0,5 3B). Kaxnomy sHepretuueckomy
COCTOSIHUIO 3/1€KTPOHOB (S, Sy, S,, Ty, T,) COOTBETCTBYET UEABIH psj
KoJsiefarebHLIX ypoBueil: 0, 1, 2, 3 (ocHoBHOE UM BO3OYXAEHHBIE KOJE-
GaresbHble cocTosiHuA) (eM. puc. 32). Ipu nornomennn cBeroBoil suep-
THH MOJIEKYJ1d M3 OCHOBHOTO COCTOSIHMS S, NMEPEXOAMT Ha DPa3/UyHbIE
KoJsebare/bHBIe (M BpauaTesbHble) YPOBHH BO3GYXKIAEHHEIX COCTOSTHMI,
BCJEACTBIE€ Y€ro Mo/joca MOIVIOUEHUS [OJy4YaeTcsi PasMBITOMH.
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Kak npaBu/o, MakcUMyM qmyopecuem,r CABHHYT B CTOpOHY Go-
Jee IJIMHHLIX BOJH N0 CPABHEHUID ¢ MAKCHMYMOM IOIJIOWEHHS, TAK KaK
Bo30yxKIeHNe S, — S; Gosee BeDPOATHO NEPEXOAUT Ha BBICOKHE Koneba-
TeNbHLIE YPOBHA Sy, a4 U3J1ydYaeT MOJEKyJa C OCHOBHOTO Kojebaresb-
Horo cocrosinus S; (cM. puc. 32).

CrenoBare/bHO, TNOLMOWEHHE B YABTPadHOIETOBOR 1 BHAMMOR
YacTAX CHNEKTPA OMNpeleJIsieTcsl 3/JCKTPOHHBIMH IIepeXofaMu ¢ OJHOH
op6HuTaAd HA APYTYI0 — paspuix/siomyto. Tak kak op6uranu GbiBaioT
PA3JMYHBEIMH, OTJIMYAIOTCS U 3JEKTPOHHBIE nepexofbl. [lepexosst Mo-
IyT OLITh MEXIy o-opbuTansMu (6 — %), m-op6uranavu (w—> m*),
6- ¥ m-opOuTtasamu (o — nu*), OpOUTAISIMH HENOJIE/ICHHOH J/IEKTPOHHOH
napsl (n) u ¢- uau g-opGuraasmu (n — o*, n — x*).

DNeKTPOHHEE CIEKTPHl TOLJIOWEHHA (M 3MHCCHU) HCTIOB3YIOTCS
AL XapAKTEPHCTHKY JHEPTeTHYECKHX YPOBHEH 3JEKTPOHOB B OPraHH-
yeckux coefuuenusx. [Ipu yBennueHMH YUCAA JT-3J1€KTPOHOB B CONpA-
JKEHHOR cucTeMe TOSBISETcsl MOIJIOeH!e B BIIUMON 06/1aCTiH CIIeKTPa,
COELHHEHUSI CTAHOBATCH UBETHLIMU (Tabma. ).

Tabauyn 5. JAAMHBL BOJH AOrJOWIEHHA H UBET COEJIHHEHHSA

JIMMRa BONHBI IlseT nornoueEHOI

NOTJOWIEHHH, M | crekTpanbHoil 06aacTil Ha6awomaeMbit upe?

430—480 Cununi JKenThlil, KeaTO-OpaHXKeBblit
450—500 CuHe-3e/1eHHI KpacHui

580—595 JKedarwrit Cunuil

730—760 Mypnypruii 3edeHnlii

AneKTpoHHLIE CNEKTPHl NOrJOWEHHST HE3AMEHHMbl AJ5 HCCJAeNOBA-
HUSI CTPYKTYPBI OPTaHUYECKHX COCAMHEHHH, TaK KaK M/l MHOJUX IpyI-
NHPOBOK XHMHUYECKHUX CBsI3ell XapaKTepHbl ONpejeneHHbe A& Ll BOTH
MaKCHMYMOB NOIVIOWIEHUA W HHTEHCHBHOCTH MOTVIOUEHUS. ST CNEKTPEI
He3aMEHHMMb! IS H3YYEHHS MEXMOJEKYJIAPHOrO B3aHMOIEHCTBHA —
06pa3oBaHUsT KOMILJIEKCOB C MEPEHOCOM 3apsiia (st-xomiiekcoB). OuHu
MOTYT GBITh HCTIONIL30OBAHLL NPU KOJHYECTBEHHBIX ONpe/edeHHsX opra-
HUYECKHUX COEJMHeHHH B pacTBopax. rIpUMephl 3/JeKTPOHHLIX CNEKTPOR
HOIJIOWIeH)s] TIPHBOAATCA NP PACCMOTPEHHM OINpeZe/eHHBIX KJ4CCOB
COCAMHEHHUH.

8. UH®PAKPACHBIE CIIEKTPHI IIOTJIOIIEHIIA

Hudpakpacusie cnektpul norsomenus (MK-cnexTper) otHocsites K
MHGbPAKPACHOA YACTH 3JIEKTPOMATHHUTHOrO uanydeHus. OOLYHO npH-
MeHsieMas o6/acTh LIHH BoJH 2,5:1079—2,5.10-8 M uau 2,5—25 MKm
(BomHoBble wucaa 4000—400 cm~?!), sxeprus keanta 0,5—0,05 3B.
[Torsotenre B 3T0H 06AaCTH CBSI3aHO ¢ BO3GYyXKueHHeM KoJsebateb-
HBIX YPOBHEH aTOMOB B XHMHMYeCKHUX cBA3sX. Tak ke KaK 3JIEKTPOHH
B MOJIEKYJaX PACHOJIATdloTCs HA ONpPEeAeCHHLIX YPOBHSAX' SHEPTHH,
aTOMHLIe KoJ1e6anlisl B XUMHUECKHX CBA3AX XapaKTepu3yloTcsa AUCKPeT-
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HHMH YPOBIAMH SHEPTHN. ‘pexon OT OZHOTO KOJNeGATeNRHOIO YPOBHA
3uepruu Ha Jpyrofl, 6o.iee BHCOKU, CBA3AH C HOTJOWEHHEM SHEPIHH.
ostomy HK-cniexTpsl NOIVIOWEHHA HACTO HA3KIBAIOTCA KOAL0AIMEAbHOMY
cneKmpany.

UK-crnekTpst norvouenus Goiee 60raThl MAKCHMYMaMH, Y9e€M SAEKT-
poHHbie enekTpul (puc. 33). Ha ocu aGeumee OTKNAABIBAIOT IIHHY BOJ-
Hbl A (MKM) HJIH BOJIHOBOE YHCAO0 v (eM~!), a HA OCH OPAHHAT — HHTEH-
CHBHOCTDb IIOIVIOIIEHHSA B €AMHALAX & WJAH NPOCTO B MPOLEHTAX MOTAO~
menna (puc. 33).

B ofwem enyyae KapTHHa KoieGanMil MOMEKYJ ABAAETC CJIOXKHOH,
OcOBEHHO A1 MHOTOATOMHBIX MoJsteky.1. Ho nexoTopuie gakTopes ofaer-
YaloT ee HHTepRperaumio. CymEeCTBYIOT XapaKTePHCTHYECKHe JIHHbI

Puc. 33. Uzo0paxenue
HiudppaKpacHOTo CUEKT-
pPa norJhoueHHs

1 1 L 1

4000 3000 2000 1000 12 oMt

£
N
2
=

BOJH (XapaKTePUCTHUECKHE WACTOTH), KOTOPHE COOTBETCTBYIOT CTPOTO
ONpPENENEHHBIM €BA3AM H aTOMHEIM IPYNEHPOBKAaM H MaJ0 MEHAIOTCA
NPH H3MEHCHWH CTPYKTYPH MoNeKyan. Tak, Hanmpumep, RHTepBan

2000—4000 em~' xapakTepeH I/ BANEATHHIX KOAeSaHHH cBszed

X—H (rze X=S8i, P, §, C, N, O), a nrreppan 1500—1950 em-? (un-
TePBaJ ABOHHHIX CBAA3eH) — NaIA BaNeHTHHX KoseGaunii caseit C=0,
C=C, C=N, N=N. s unreppara 600—1500 cM~! xaparrepuo
GOaBLIOE MHCIO MAKEHMYMOB NOIJIOMWEHHS (MHTEPBAJ BAJNGHTHHX H
ReqopmanuoRuuX koneGamnuii mpocteix cBaser X—Y). Yacro stor
HHTEPBAJ Ha3MBae€TEA «O0MACThI0 OTHEUATKOB NajbLEB», TaK Kak ¢o-
AEPIKHT OYEHb XapaKTepHBe MAKCHMYMBI, HCNOJB3YEMEIE RIS HAEHTH~
(MKallUK BeMIECTB.

B oprarunveckoft xumun HK-enektpsr noromenus Henomb3yior s
onpeneNeHus ETPYRTYPH COSNMHeNHHN, Tak KaK Kaxjgasa rpynna aro-
MOB HMEET CBO€ XapaRTepHoe norviomende. B stom orhowennu HK-
CHEKTPH LEHHEe 3NeRTPOHHMX CneKTpoB norvouienna. HK-Cnekrpo-
CKONHIO € YCHEXOM HCNOMBIYIOT IA KOMHYECTBEHHHX ONpeNeNeHHil
OPranHYCCKHX COCNMHEHH B PA3AMUHBIX cMecAX. D10 Heo6X0AUMO NpH
H3YUeHUH CKOPOCTH H MEXaHM3Ma peaKluil.

9. CIIEKTPOCKOIINA KOMBHHALIMOHHOI'O PACCEAHNA
(PAMAH-CIIEKTPOCKONUS)

Cnektphl KoMGuHaLUOHHOrO pacceanust (KP), Tak e Kak HK-enextpur
NOrNOMCHHA, ABNAIOTEA KoMeGaTe/bHHME cnekTpamu. Cnektpw KP
ABAAIOTCA SMUCCHOHHKIMY CNEKTPaMH, MX MOAYYAlOT, HHTEHCHBHO Oc-
Beillad o6pasell MOHOXPOMAaTHYECKHM CBETOM M pacnpenetss OTpased-
HENf CBET MO JJUEAM BOJH B CHERTpOMeTpe. B cmeKtpe oTpaeHHOro
cBeTa HaGJIONAIOT JIHHHIO, COOTBETCTBYIOULYIO HCIIONb30BaRAOMY (BO3-
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Gy:xknaonieMy) MOHOXpOMATHYECKOMY CBETY Vg, W KpoMe 3TOro pAx caa-
OLIX CNEKTPAJNbHEIX JHHHH Vi, V2, Vi, .v.y Vi PA3HALUBL va—NVg COOTBET-
CTBYIOT XapPaKTePUCTHYECKHM KovieGaTe/bHbM MacTOTaM MOJEKYJLL.
Pacnonoxenue cnEeKrpalbHEX JHLHA OKONO V¢ fABAAETCA CHMMETPHY-
HEM (puc. 3i).

Takum 66pasoM, WUCNOAL30BAHNE CNIEKTPOB KOMGHHAUMOHHOTO pac-
CEAHAA CMYMHT HCTOYMHHROM HHGMOPMalUHn O XapaKTepHETHYLCKHX yac-
ToTax Koaebanuil cesizeft. Ilo- WY BV vy
stomy cnektpet KP ucnoneay- i
10TeA AJA OnpeneneHus cTpyk-
TYpH coelluHeHns. B oranune
or HK-cnextpocKomun 10T Puc. 34, Cxema cleKTpa KOMGHHalUOH-
MeTon TpeGyer GOZblUe BPEME-  yoro pacceanys
ni. B nocaeamee BpeMa Ana
nosyuenns ¢nektpos KP NpHMEHAIOT HOBHE HCTOURHKH OYEHb HHTEH-
CHBHBIX MOHOXDOMATHUECKHX NYyYKOB ¢BeTa — 4asépui. PassuBaetcs
Jlazepras CMEKTPOCKONHA KOMGHHAIMOHHOrO pacceanusi, NpH MOMOLM
KOTOpO# MOXHO TIoAyanTh KP-CNIeKTpP KaK XKHAKHX, TaK W TREPALIX 06-
pasuoB, NpUYeM 00pa3ith! MOTYT OBITb GecilBETHEIMH HJH OKpalleH-
HuMH. DBaarogaps 6oabitiofil HHTEHCHBHOCTH BO30y#X1al0iere c¢Bera
(nasepHBI MMIYJIbC) ' St PECHCTPALHH CHEKTPA KOMOIHALHOHHNOIO
paccennus TpeGyeTess MeHblle BpeMeHil,” YeM B OGHINHOM MeTofe.

10. SJIEKTPOHHBIN MAPAMATHUTHBIN PE3OHAHC

Jnexrponuplii napamaranTHuii pesonanc (3MIP) sBaserca panuocnex-
TPOCKONHYECKUM METOHOM, MpH MOMOIM KOTOPOTo MOXHO HEC/IENOBATh
B3aUMOJIEHCTBHE PaZNoBOJH (3/MEKTPOMAarHUTHOTO H3JIYueHHA ¢ GOMb~
1io# AMHHOH BoOMHM, A>>10"% M) ¢ BemecTBoM. PAKTHUECKH STOT MeTON,
HMeeT MaJi0 OOIIEro cO CIeKTPOEKOnHueH, TaK KaK H3JYyYeHne He pas-
fensercs B crektp (M0 OTAEAbILIM AAWHAM BOJIH) HPH TMOMOLUM TPH3M
RN AubPaKUHOHHOH peILeTKH.

Tak Kak AN pajHOBOJH XapagTepHH OYeHb ManeHbKHE KBAHTEI
suepruu {Av<<10~? 3B), BosuuKaeT BOTPOE, M€ B MOJIEKY.I€ Oprannye-
CKOrC COSAMHEHHS BCTPEYAlOTCA TaKHe GAM3KO JeXaltae SHepreTHYe-
egrne ypoBHH. Taxue nepexolbl BO3MOXKHL B 371€KTPOHE W aTOMaxX H ORA
¢BSIZaHBl C SHEPTeTHYECKUMM YPOBHSME MAardHTHOrO MOMEHTA €MHHA
SJIEKTPORA HAH aTOMHOTO sApa (MATHNTHBIA MOMEHT BO3HUKaeT Gnaro-
2apA OMPKYAAIHH 32pAfa BOKPYT OCR YACTHI). '

Ho oTmenpHhie 3HepretHyeckHe YpOBRH HaGmONAlOTES TOJNBKO B
caygae, ecau BelecTBO HAXONATCA B CUALHOM OJHOPOZHOM MAarHHTHOM
nose. B MaraaTHOM TOJIe IPOHCXOAUT OPHEHTAUUS MATHUTHOrO MOMEHT2

. CITHHa (B HanpaBJCHHH, COBHAjAICINEM € HanpaBJeHNeEM MarLHTHOro

. 00AA ¥ NPOTHBONOJNMKHOM eMy). 3T7a OpUEHTALUMA BEI3LIBAET paclienie-
HiHe SHEPreTHUECKOro YPOBHS MAarHMTHOrO MOMEHTa CIMHA Ha JBa.
3acenennl 06a 3TH ypOBHA, HO OHH Pa3JHYAOTCS YHEAOM YacTHIl HA
Hux. O6uuno Goslee 3aceied HHKHMEH SHepreTHyecKuft ypoBeHb U BO3-
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MOKeH Mepexof Ha BhICWIHH ypoBeHb, YTO CBA34HO C MOIJIOILEHHEM
3JEKTPOMATHUTHOTO H3JIyUeHHs.

Paciiensiedye CHHOBBIX MATHUTHBIX MOMEHTOB IIPOHCXOJHUT TOJIBKO
B OYeHb CHJbHOM MATHHTHOM TOJE, PasHHLB HeprHil AE Mexay ypos-
HIMH MaJieHbKHe, NpU 3TOM AE 3aBHUCHT OT HalpsKEeHHOCTH MArHHT-
woro moas H, (puc. 35): AE =FkH,.

B ocuose merona SIIP nexut paciienyieHne 5HepreTH4ecKHX YpOB-
Hell CIIHHOBOTO MArHUTHOTO MOMEHTA HeéCNapeHHOro 3 €K T-

AE=KH, , OHa, KOTOPLIH OOBIYHO
Hy >H, nmeeTcas B CBOGOJHBIX pajid-

no e KaJaax.
" PasHuua B ypoBHAX 3HED-
Bes momt - AE THH CIHHOBOTO MarHHTHOTO
RN MOM@HTA HecllapeHHOI'0 aJ1eK-
~~o TPOHA B CHJALHOM MACHHT-

Puc. 35. Pacumennenye snepreTHYECKHX YPOB- }1{81\_/[4 Ha()éle cocrasazer 10

Hell CIHHOBOTO MATHUTHOTO MOMENTA B Mal HUT- (W1MHA  BOJHBL

HOM ToJie MOT/IOIAeMOT0  H3JIYUCHUSA
0,1—1 cM, uacrora 3. 10—
3.10% Tu).

2 = Iorsomenne  31eKTPO-

MarHuTHOrO H3Jy4YeHHS MO-
xeT HabJawjarkest, ecad o06-
4 pasel, HAXOAUTCA B CUALHOM
MArHHTHOM TMoJie U uepe3
. HEro nponyckaercd H3Jyde-
M uue. Tak Kak pasuuna sHep-
" ' ] FeTHYECKHX ypOBHeH (3Hep-
gﬁcp I;iGg.IMIg[:)HHLLHHHagIbHaH CXeMa METONOB [ o NOIJIONAEMOT0  KBAHTA
1 —o6pasew; 2—reuepaTop PagHOBOMH; 3—TIpPIEMHUK HSHY'{QHHH) 3aBHUCHT OT Ha-
giﬂc”a?\:a;[:;{c;efl_aﬂeKTpomarHHT; 5 ~ 60K ynpasaeHHs; NpAXKEHHOCTH MATHUTHOTO
noJd, TO, U3MEHSAS Hanps-
JXKEHHOCTb, MOXKHO JOCTHYb
TaKOT0 MOMEHTa, KOr/\da PAJMOBOJIHLI OTPENe/eHHON IJHHB GyAyT Mo-
TJIOILATLCS! BEIIECTBOM H OYJAEeT HAGJIONATLCH Pe30HAHCHbILL CueHAA.

OcHOBHOH YacTblO annaparypel pajinocnekTpockonuu (puc. 36)
ABJISIETCA CHJIbHBIH 3JEKTDOMATHHUT C OUEHH [OMOI€HHBIM MATHUTHBLIM
NOJIEM H HM3MEHAEMOH HAMNPSDKEHHOCTBIO MATHHTHOTO IOJA (M3BECTHAL
Takxe INpHOOPH! ¢ TOCTOAHHEIM MACHHTOM H M3MeHSIEMOH YacTOTOH
paavoBoJiH). AMIyJa ¢ BENIECTBOM HAXOAHTCA MEXIY MOJIOCAMH MAar-
HHUTA H OJHOBPEMEHHO IOIBEPraeTcid BO3AEHCTBHIO MATHUTHOILO MOJS H
papuoBoaiH. Amnysaa c BellecTBOM ObICTpO Bpamaercsi. PesoHaHcHbH
CHTHAJI 3alHUCHIBAETCA CAMONHCLUEM ITIPH H3MEHEHUH HAalpsXKeHHOCTH
MArHUTHOTO MOJISA HJIM YACTOTLI PAJHOBOJIH KAK YMEHBLIIEHHE HHTECHCHB-
HOCTH TEHePHPOBAHHLIX PAaJHOBOJIH.

Metog STIP npnmensior aas o6Hapyxedns cBOGOAHBIX PaiHKaJoB,
KOTOpEIe, HAlpHMEP, MOTYT 00pa3oBaThCs IPH TOMOJHTHUECKOM pac-
HIeMJIeHMH XHMHUYECKON CBA3H:

R:R*— R-+4R’.
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B cnektpe I[P moxHO HabmofaTh OJMH Mak-
cumyM (OGbIYHO TOBOPSAT — OAHY JHHHIO) MJIH He-
Jblf HaGop JUHHE, KOTOphle ofpasyiorcss B pe-
syspTate pacienyienust curdansa IIIP. OGbluHO
cnektp JIIP sanuchBalOT KaK MepBoe TNPOU3BOJ-
Hoe OT (DYHKIHM HHTEHCHBHOCTH CHTHajda — Ha- Puc. 387, Curnan
NPSKEHHOCTb MarHuTHoro moas (puc. 37, 38). SI1P

Paciemnienne curaanoB JI1P Bri3BaHO B3aHMoO-

JIeACTBHEM HecIapeHHOro aJeKTpoHa ¢ OJH3JIexa-

ILMMH aTOMHBIMH fIJipaMH, KOTOphIe HMEIOT co6CT-

BeHHBIH CIHHOBBIA MATHUTHBIE MOMEHT (IVIdBHBIM |

06pa3oM C BOJOPOJHEIMH aTOMaMH). , H,

Cnextpockonus [P aABnderca odeHb uyBer- Puc. 38, Pacmen-
BUTCMBILIM METOJOM JJist OOHapy»eHHsT CBOGOJA- g%‘;”” cHurual
HBIX paiuKanoB (10 KoHUeHTpaumH 10712 moub).

Kpome sTOro, amanauaupys CBEPXTOHKYH CTPYK-
Typy crnexrpa P, MOXHO CyAHTb O J€/I0KaJH3aLMH HECHapeHHOro
3JeKTPOHA M O CTPYKTYpe H3ydyaeMmoHl YaCTHLWI.

H,

11. SJAEPHBIYT MATHUTHBIY PE3OHAHC

flnepuniit MaruuTHRA pesonanc (IMP) sBasercs pagnoCnexkTpOCKONHU-
geckuM MeTo10M. OH OCHOBaH Ha M3MepPeHUH IOIVIOLEHUS BELleCTBOM
pajHOH3NYUYEHHs ONpeZe/ICHHOl YacTOThl BCJEACTBHE 3HEPTeTHUECKHX
NICPEeXO/I0B ATOMHBIX filep B CHJIbHOM MAarHUTHOM IIOJIE€ C OJHOFO Mar-
HHTHOTO 3HEPreTHYECKOro ypoena mHa Apyroit. CurHaa fAMP wmoryr
BLI3BATEL TOJBKO sLIpA CO CIHHOBEIM KBAaHTOBBIM YIICJIOM, OTJIHYHLIM OT
nyas. $lapa, He uMelomHe MarHUTHOTO MOMEHTAa CIHHA, HalpuMep
12C, 1°0, menpHrofHsl AJja 3KkcnepuMentos 1o JAMP. Haunboaee ynoGHbI
g AMP-cnekTpocKonud sjpa, UMEIOUHE NOJAylenablii CIHH, HanpH-
mep 1H, ¥F, 3P, 13C, ¥N.

Aupa ¢ ueasv cuupHoM (3*N, D) Ttoxe aktusunl B SIMP-cnekrpax,
HO JAl0T MaJOUHTEHCHBHLIE 1O CpaBHEHHIO ¢ fjpamu iH curradsl.

B macrosiee Bpems Hanbosee WIMPOKO NPHMEHSTETCH APOMOHHBLIL
maenummnsiil  pezonanc (IIMP). Ilpu nioTHocTH MarHuTHOTO [OTOKa
okoso 1,4 Ta (1400 I'c)* obnacts norJouieHus sijep BOJAOPOJHBIX aTo-
MoB (npoToHoB) Haxoautes npu 60-10° I'u (60 MI'w), 4To cooTBeTCTBYET
SHepTHI KBaHTOB ~2,5-1077 3B (n1nHa paiuoBosin ~5 M).

Camonucer, sanucbiBaer cruektp [IMP Ha crnenuanpHbiXx O/MaHKaXx,
e [0 ocH aBCiyce OTK/AAAbIBAETCS TAK HAShIBAEMBIH Xumudeckud cosue
(6) currasna IIMP. B npunnune MOXHO OTKJIaAbIBATb HATPXKEHHOCTD
MarHHTHOIO TOJsT MJIH 4acTOTy DPajHOBOJH.

Curuanst IIMP BOZODOAHBIX aTOMOB OPraHHYeCKOro COEAMHEHHS
OuEHbL YYBCTBUTEJNbHBl K CTPYKTYDHBIM H3MeHCHHAM B MOJEKY.e, K
OKpyKeHuto aTcma (3deKT 3KpaHu3auiy). MoXKHO CKa3aThb, 4TO MOYTH
KaXKILIH aToM BOJAOPOXA B MOJIEKYJ€ HJH TPyMla BOZOPOAHBIX aTOMOB
OJHOTO THIA ZaeT CBOH cumin B cnexrpe [IMP.

* 1 Ta (tecma)=10* I'c (raycc),
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o ] Haa onpepeneuns xu-
: MHYECKOrO CABHIa BOAO-
PORHLIX ATOMOB B CHeKT-
pax IIMP BBoputcs cran-
ZapT — curean [MMP go-
FOPOJIHEIX aTOMOR TeTpa-
MeTHacuaaga  (CH,),Si
(TMC). na sroro coexu-
HEAUR XHMUYECKHN CABHI
NPCTOHOB NPHHAT PABHBIM
Hymo (8=0). Xumuyec-
KHH CABHI onpegensercs
BbIP2IKEHHEM

60 50 40 30 20 ip 04

Puc. 39, Cnexrp i'lMP STHJX/IOPHAZ B pacTBOpe
CDhCl,

Yrme — vy
Bpmc—r %

187 399 oA
CH,CHCL

109,

TIe ¥ -~ 4acTota panuo-
BOJIH.

Takum oBpasom, xu-
MNUCCKHA caABiar B [IMP
H3MEpseTca B Gespasmep-
TMAC HHIX  eUHHUAX — MHJ-
: JHOHUBIX nossix (M. n.).
1 1 13 1 4 1 ] 1 1 L 1 1 1 | - ] I I -
Puc, 40 “Caexmy Mp ¢ srunxaopnga Haﬂlg;mf;ﬂgug;;mpﬁ;—
» %0, Lnextp v ITHAXAGpALa HaibHA YHCY OfHOTHO-

HLIX aTOMOB BOZOpOfia B
Mosnexyae. ITostomy cnextpur I[TMP CyMar HCTOYHHKOM HH(opMaluy
He TONBKO O THHaX BOAOPONHKIX aTOMOB, HO M © HX YHCTe.

B compemennbix cnektpoMerpax IIMP ¢ Bricokoit paspemaroueit
CIIOCOGHOCTBIC XOPOLIO HAGMIONAETCA TAK HA3KBAGMAN TOHKas CTpyK-
Typa curianos I[IMP. Kaxnuit curuan [IMP moxer pacmeniaToca Ha
HECKOJIEKO CHIHAJIOB B SaBHCHMOCTH OT COCENHUX 4TOMOB, AKTHBHEIX
B SIMP. Tagoe pacmenienune NIPOHCXOHT, HaHpHMep, NPU B3aUMO-.
REHACTBRE ¢ COCENHHME BOJOPOAHBIMH ATOMAMH (cnun-cAHHOBOE B3aumo-
Aeiicteue). Ecan papom HAXOAUTCA OANH BOAOPOAHMKIA aTOM, TO CHIHAJ
PACICNIACTCR Ba NBa, €CAM 4Ba — HA TDH, €CAH TPH — Ha HeThipe
curdana (puc. 39).

Ha puc. 39 uzo6paxena Taxxe KPHBast aBTOMATHYECKOTO HHTErpH-
gonanna AJS OnMpelesenns uncia nporonos. Ilpueesennuie sHavenns

CH,- u CH,-rpynn otrocares & CepeHie MYJbTHIJETA.

B nocnennee Bpema paseusaercs raroxe cnekTpockomiss IMP na
Aapax YC, Koropas HCOOAL3YeT ecTecTBeHice COJIeDIKaINE H30TONA
YIVIEPOJIa B OpraHHYeCKuX coefinHeHnax. TaK Kak ecTecTBeliioe conien-
®anue *C B yraepoge oxoao 1,1% u chruaimt MaJ0HHTeHCHBHEI, He-
o6xouMa creumasLHas annapatypa. Pa3spaGotana HoBas Texmuka
HOJyueHHA cnektpoB HAMP ¢ ncuosnaoBantey ¢ypue-npeoSpasona-
Teas, Ha oSpazen nogaercs HMBYARC PAAHOBOIN H RPH noMoutt SBM
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OTBLICKHBAIOTCST NOTJOLIEHHBLIE YACTOTH, KOTOPhie 3allHCHBAKTCA B Ma-
mard OBM. Takwe uMnyabcH NORAIOTCH ORMH 32 APYrEM H CHIHAJH
SAMP HaxamnuBatorca N0 HeoGXONHMON HHTEHCHBHOCTH NPH MJIOTHOCTH
MarsutHoro moroka 2,35 Ta (23500 I'c). O6aacrb norjomeHung aro-
moB *C maxoaurca npH 25 MIu. Cranaaprom cayxur TMC. Cnex:;gu
AMP *3C oueHb MyBCTBUTENLHB K CTPYKTYPHBIM HaMeHeHHAM (pHcC. L.

Meron, SIMP sBasgercs cambiM SPPEKTHBHBIM 114 cmpe,r.l.eﬂemlzH
CTPYKTYPHl OPTaHHYECKOTO COEIMHEHHS, OCOGEHHO TNPH npumenenm
Bceit ramMmut aaep (*H, *C u np.). 3TaM MeToAOM H3yHalOT He mﬂ:m 0
CTPYKTYPY, HO H MEXMOJCKYJIAPHOC B3auMOACACTBHE, TAayTOMEp
paBHOBECHA, KHHETUKY peakxiuii, :

12, CIIEKTPOIOJIAPUMETPHA

TToasipuMeTpist OCHOBAHA HA U3MEPEHHY DNIMULECKOZ0 epaa;eguﬂ MO%{::
NONAPH3OBAHHOTO CBETA IpPH NMPOXOXKIEHHH cBeTa uepez ofipaser. O
THYECKHM BpallleHHeM Ra3bBaeTcsl H3MEHeHHe MJIOCKOCTH BoJsp a-
UMH TIIOCKONO/ISIPH30OBARHOIG CBETA (BpallieHHe IIOCKOCTH HOJAp -
sanuu). Beumecrpa, cnocoHele K M3MEHEHHIO NM/OCKOCTH nonﬁpasaéma-
NJICCKONOJAAPHIOBAHHOrO CBeTa IpH npo:omeﬂan cBeTa yepes obp
1a3MBAIOTCA  ORMUYECKI AKIMUBKOIMU .
seu,(lx:ex?ruponompnue'rpna 3aHNMAeTC U3MEpPeHHeM BeAXUMHbI og::;:
YecKOro BPAlCHHA BEHIECTBa B 3aBHCHMOCTH OT AJHHE! BOJIHH 110
M30BAKHOIO CBeTa.
mntﬁeggge ABJIeHIIe ONTHYECKOA aKTHRHOCTH HAGM0AA q:pauuyacmg
¢usnk Mamoc B 1808 r. Ilpu npoxcxaeHHH OGRIYHOTO CBETA qepeT
KPHCTaN HCaHACKOro mmara (Kpucratauueckoro CaCQOyg) BO3HB!({:&I1{O-
IBa MJOCKONOISAPH3OBAHHKX BO B3aUMHOG NEePHEBAUKYISPHEIX n.rroe cKo-
CTHX Jyua — NPOHCXONUT ABOMHOE Jyyenpesomienre. Jlns Bbme.nn ey
OIHOrO I/IOCKOMOASIPUI0BAHHOTO /IYYa NPUMEHSIIOT CElHAJbLHYI0 h J?JIOB
MY — npusmy Huross, cociols)rmylo H3 ABYX CKJICCHHRX KPHCT
wnara (pHc. .
"mglﬁiﬁ;:::{(gg cnerTnpe(icranme'r cofofi COBOKYNTHOCTB anexrpouarng:
"HBIX BOTH, KoJIeB0aHHA KOTOPHIX DPACIIONOMXEHb! B PA3THYHHX Hamp

[0 / AN
) Joe —““\\__/ \/

s

Puc, 41, Bujcnerne RJIOCKORONAPHIOBANIOrO JAYYa

Puc, 42, CxeMa ppainenua RACCKOCTH NOMA=
pu3suuH cacra



Puc. 43. Cxematuunoe H300paxeHHe MOJspUMETpA:
I-npusmet Hukons; 2-Tpy6ka ¢ BEmECTBOM; 3—rya3 HabaofgaTens

JIEHHAX B IJIOCKOCTH, IEPIEHIUKYJIAPHOH HANpaBJIEHHIO PACHPOCTPa-
Henus gyva. Ilocne npoxoxienust yepes npusmy Hukoas ceT craHo-
BHTCA IJIOCKOIOJISIPU30OBAHHBIM,

Bpamenue nsockoctd nosnspusauuH cseta BHepBele  HaGaIOAT
dpanuysckuii dpusnxk Buo (1813) npu mpoxomaeHHH NIOCKONOIAPIZ0-
BaHHOTO CBeTa Yepe3 PacTBOPHLI CKUIMAapa u caxapa (puc. 42).

JIlna o6napysenusi ONTHYECKOTO BPAUIEHHS IMOJB3YIOTCS AOAAPU-
Mempoy — npuéopoM, CoCTOAWMM H3 ABYX npusM Hukouas u TpyGku
¢ obpasiom (puc. 43).

Ecan npusmbl Hukonst opueHTHPOBAHBI OTHOCHTEALHO APYT Apyra
NOA NpAMBIM YTJIOM, MOJISIPH3OBAHHBIN CBET M3 NEPBOH NPH3MHL He Oy-
JeT IPOXOIUTh Uepes BTOPYio NpusMy (aHamusarop). Ecau Tpy6ka
NycTa WM 3aMoJIHeHa ONTHYECKH HEAKTHBHLIM BEIECTBOM, HabJoa-
TeMb YBUAMT Te€MHoE [ose. Ecay B TpyOKe MeXAy NMPHU3MAMH HAXOJUT-
CA ONTHYECKH aKTHBHOE BEIECTBO, NPOUCXOJAUT ONTHYECKOE BpauleHHe
H cBer HaGmojaercs 4yepes Bropylo nmpHamy. IIpH Bpailenun BTOpOii
NpH3MBI (aHaJaM3aTOPa) HA OMNpPEAEEHHBLIE YroJ BHPABO HJH BJEBO
ONATH JOCTUTAETCS TOJOMKEHHE MPH3M, NPH KOTOPOM MOJISAPH30BAHHLIH
CBET He mpoxoAauT. Tak MOmKET GbITh U3MEPEH Y204 spawenus o (B Tpa-
Aycax) W ONPEJeNeHO HANpPaBJIEHHE BpaWeHus: BNpaso (-, d) wiu
BJI€BO (—, [).

¥Yron Bpamenus o aBasercs QyHKIHEH AJIHHB TPYOKH, KOHIEHT-
paluyu ONTHYECKH aKTHUBHOTO BeIIeCTBA, MPHPO/LI PACTBOPHTENS, TeM-
neparypel pacTBopa W AJAMHBI BOJIHBI NOJISIPU30BAHHOrO cBeTa. OBBIUHO
NpUMEHHAIOT CBET C JVIMHOH BOAHLI 589 M (D-nuHust HaTpus).

Jais XapaKTepPHCTHKM ONTHYECKH AKTHBHOTO BElLECTBA ONpEeIsIoT
yAeabHoe BpameHue [a] nan MoaspHoe Bpamenne [M]:

P o [o
[@h="2; m1=m 1L
rie @ — yabmofaeMoe BpallleHue, rpag; [ — AJHHA TPYOKH, 1M}
¢ — KOHIEHTPALHUsA ONTHYECKH AKTHBHOLO BELIECTBA B uccnezxyeMowi
pactBope, r/cm?®; M — moJeKyJapHas Macca.

YraenbHOe BPalleHue 3aBHCHT OT AJIMHBL BOJHBL A NO/ISPH30BAHHOTO
cBeTa. Ha CNEKTPONONAPUMETPAX MOMKHO MOJYYHUTH KPHBYIO 3aBUCH-
moctu la] unn [M] ot A, kotopyio nasvisator xpusodl ducnepcuw onmuue-
ckoeo spawjerus (JJOB). Kpusbie OB Moryt 6LiTh NIABHBIMH HAM
C MuKamu u BhnajuHamu. [losisienue sxeTpemasbHBIX ToueK (MHKOB M
BMaJIH) HasblBAIOT sdupexmom Kommona. 1o wabmonaetcss npu aii-
Hax BOJIH, TJie B BHIUMOH MJH yJIbTpadhuo/eToBOH 06J4aCTH OHTHYCCKH
AKTHBHOE BEIIECTBO UMEET MAKCHMyM MOTJIOWIEHUs (ONTHYECKH AKTHB-
Has nosoca ncriomenns). Apdekr KorTona cBsisan ¢ pasauuHbIM mo-
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TJIOMICHHEM JIeBoil H paBoif KOMIOHSHT IJIOCKOIIO/ISPU30BAHHOTO CBeTa
B ONTHYECKH AKTUBHOH MoJoCe (KPYTOBOH AHXPOU3M).

CreKTpono/IsIPUMETPUS SAB/IACTCA BAXKHBIM METOJIOM YCTAHOB/IEHHA
CTPO@HHS! ONTHUECKH AKTHBHBIX OPTaHHYECKHX COEAMHEHHH.

Ho Kakne COeAMHEHHS MOTYT OBbITh ONTHYECKH AKTHBHBIMHM? Baut-
Todxp cpAsan ONTHUYECKYIO AKTHBHOCTb OPraHHYECKHX BEILECTB € OT-
CYTCTBMEM CHMMETPHH B HX MOJICKY/IaX, HAlpUMep ¢ HAlMYHEM acHM-
METpPHYECKOro atoMa yriepoja (cM. Beex. 5). B 31oM ciydae BO3MOXKHBI
ABa TeTPasipHUYECKHUX PACIOIOKEHUST 3aMECTHTENEH BOKPYT aCHMMETDH-
yeckoro aroma. Q6e MNpOCTpaHCTBEHHBIE (OPMBI HEJNB3S COBMECTHTH
HUKaKkuMm Bpamennem. OnHa U3 HUX SIB/SETCs 3epPKaIbHBIM OTpaXKeHHeM
apyroit. [loayuaiotest fBa cmepeousomepa (3HAHTHOMEPHI, 3€PKa/IbHbIE
M30MEpHl, ONTHYECKHE M3oMepH). O6a cTepeorsomMepa COCTaB/AIOT Napy
ONTHYECKHX AHTHMOAOB, KOTOPHE OTJIMYalOTCs JApyr OT  Apyra
sqakom onthnueckoro Bpamenus —l[al n -la]l npu onunakoBom
anayennu [al.

ACHMMETPUYECKHMH MOTYT OBITb M ATOMBl ADYFHX 37€MEHTOB —
Si, N, P, S. Bo3MoxHa TdK)Ke ACHMMETPUSi BCEl MOJEKY/bl B 11E10M
Ge3 acUMMETPHYECKOro aroMa. ACHMMETPHUYECKOH MOJEKYTy Ha3blBAIOT
B TOM C/1y4ae, ecld B Hefl HeT HU OJHOrO 3/1eMeHTa CHMMETPHH — HH
HeHTpa, HU ocel, HIl IUIOCKOCTEH CHMMETPHH.

OpranyyYeckHe BElEeCTBA ¢ aCHMMETPHYECKHMH MOJIEKy.1aMu BCeraa
ONTHYECKH AKTHBHBI (B C/1YUae, eCcM HMEETCst TONLKO OfMH ONTHYECKHUH
AHTHNION MM B CMECH ONTHUECKHX AHTHUIIONOB OJIHH M3 HHX rpeoGrana-
er). Ho Henb3st yTBEpKIaTh, YTO MOJEKYJb! ONTHYECKH aKTHBHOTO Be-
IECTBA JOJKHBI ObITh JIMLIEHBl BCEX 3/1EMEHTOB CUMMETPUH, HalpuMep
ocu cummerpuu. [losToMy BMECTO HOHATHs aCHMMETPHYHOCTH BCe Yalle
NMPUMEHSAIOT TePMUH XUPAAbHOCHI6. XUPANLHOCTBIO HASBIBAIOT CBOHCT-
BO HEHJIEHTHYHOCTH OOBEKTA €ro 3sepKanbHoMy orpaxenuio. Moue-
KyJ1y HasbBAlOT XHPAIBHOM, €CM Olid HE HIEHTHYHA CBOEMY 3€PKa/bHO-
My orpaxenuio. Eciin MOneKy1a HIEHTHYHA CBOEMY 3€DKa/bHOMY OTpa-
JKEHHUIO, ee Ha3blBAIGT axupatvholl. Bee XUpaibible MOJEKY/Tbi ABIAIOTCA
MOJICKY/1aMH ONTHYECKH AKTIHBHBIX COeJMHEHHH H, Ha06OpOT, MOJEKY-
JBl ONTHYECKH AKTHBHBIX COEIHHEHHMH Bceria XHpaJbHBL.

AcuMMeTpHUHEIE MOJIEKY.TEl BCET/la XAPAJbHbl, TOT1d KaK X1PaabHble
MOJIEKY.Ibl MOTYT MMETh HEKOTOPBIS 3/EMEHTHI CHMMETPHIL (CM. BHEHLIE
KHeaotel, ¢. 614):

A A A
z/C;S\H H/C;)\z H/%;\H
LY Y Y

1

XMpanbHAA MONEKYNA HE HIeATHYHA
€¢ 3¢PKAIbHOMY OTPAXKCHHIQ

@XHPANbHARK MONCKYNA

Ha BrienpuBefleHHbIX PHCYHKAX 3amecTuTeNH Z®==# He= Haxo-

IATCA Haj IUIOCKOCTBIO GyMar, Y--- 3a ILIOCKOCTRIO, a A — B 110-
cKoctH GyMaru.
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13. ®OTO3JIEKTPOHHASI CIIEKTPOCKOITH S

DOTO31EKTPOHHAA CNEKTPOCKONHS H3yYaeT SMEKTPOHHYI (DOTOSMHC-
CHIO H3 BEINECTB B ra3000pa3sHOM HMJIW TBEPAOM COCTOSHHM. BelmecTso
B ra3oo0pa3HoM COCTOSHHM 06/1yyaeTcsi MOHOXpOMATHuecKnM ¥ ®-uaz-
Jy ueHHeM GosiblIOH 3Heprud. IIponcXoAHT Bo3fyKAeHHe BaJeHTHBIX
3/IEKTPOHOB H/IH HEMNOREEHHBIX 371eKTPOHHBIX Map Ha BLICOKHE YPOBHH
C NOCAEAYIOUHM YXOI0M 3/JIEKTPOHOB U3 MOIEKYJIbI ((POTOIMUCCHSA TEKT-
poroB). Tak Kak 3/1eKTPOHB B MOJIEKyJle HMEIOT PARTHYHYIO SHEPIUIO
( HaXOIATCS HA PABTHYHBIX MOJICKY/ISPHEX OPGHTANAX), SMHTTHPOBAH-
HBI€ 3JIEKTPOHBI HMEIOT PA3THYHYI0 3HEPIHIO.

Ecin pasgesnts 3T0T NMOTOK S/EKTPOHOB MO SHEPTHAM, NOJYYHM
anepeemudeckuil crekmp (homoanexmpomnos.

Has monyuenus (OTONEKTPOHHBIX CIEKTPOB OPTaHHUECKHX —COe-
AMHEeHNI MCIO/IB3YI0T FeJIHEBYI0 J1aMIly ¢ uaayyenuem 58,5 uu (21,21 3B).

8 - :
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Puc. 44, ®doro3nexTpORALI
CNEeXTp TOJAYy0.13

Puc. 45, ®oroanexrponnmii
CIeKTp TeTpaueHa

DoT03/1eKTPOHHEII CIEKTP XapaKTepU3yeT SHepruu opburaneil BajeHT-
HBIX 3JEKTPOHOB M HENOARJEHHEIX 3JMEKTPOHHBIX nap (puc. 44, 45).
Takum myTem onpezessior SHEPTHH MOHU3AUMM (OTEHIMANL HOHY-
3aLMM) PA3THYHEIX OPGHTA/EH, YTO HCIOAb3YeTCs IS XapaKTepHCTHKH
3/IEKTPOHOJIOHOPHLIX CBOHCTB  MOJEKYJI.
DOTOINMEKTPOHHAA CNEKTPOCKONHSA SBJASAETCS ONHHM U3 HauGosee
TOYHBLIX METOAOB OIpEJe/eHHsl SHEPTUH HOHH3ALUH MOJIEKYJI.

14. MACC-CTIEKTPOMETPUM

Ilpn GomBapaupoBKe MOJEKYJIEl OpraHuYecKoro COeLHHeHUs 3JEeKTpo-
Havu cpequeil sHepruu (25—70 3B) mpoucxoaut BEIGpoc 31eKTpOHa
¥ 00pa30BaHHe MOeKYyAApHO20 uoxa M*. MosieKySpHHIH MOH ABAS-
eTCsl HeCTAOHIBHOH YacTHued, TaK KaK HAXOAHTCS B BBICIIEM BO3GyK-
AEHHOM COCTOSHMH, M paclajlaercss Ha PasiMyHble YacTH (bparMeHTh):
KaK Ha TOJOXHTENBHO 3apsIKEHHBIe HOHBI, TaK U Ha HeHTpajbHLIe Yac-
THIBL. B Macc-cnekTpomerpe 3apsikeHHbie YacTHIIN PACHPEENSIOTCS 110
HX MaccaM, ONPeleNATCH MACChl YAaCTHLL M HX KOJMYECTBO. 3amHCHI-
BaeTCfl MACC-CIEKTP B eIHHULAX n1/Z.

B cnekTpe nabmonaercst Nk MosekyAsipHOro HoHa M* 1 muku ¢dpar-
MEHTOB C pa3iHYHOH HHTeHCHBHOCThIO. C Majofi MHTEHCHBHOCTBIO Ha-
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GaonaoTest Takxke nukd M-+-1 uw M4-2, uro cBSI3aHO ¢ NPUCYTCTBUEM
usotonos yraepona »¥C u sogopoxa *H (piic. 46).“

Yncso U pasMep GparMeHTOB B 3HAUUTEIbHON CTENeHH CBA3aHbL CO
CTPYKTYpPOil COEAMHEHHs, NO3TOMY [0 MAacC-CMeKTpaM MOMHO CyaHTh
0 €ro crpoeHuu. Bosblioe 3uaueHHe MACC-CMIEKTPHI HMEIOT B paciui(g-
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POBKE CTPYKTYphl CIOMKHEIX IPHPONHHIX COENUHEHHH, TaK Kak Tpedy-
JOTCA OYelb Majble KOJHUecTBa BellecTBa (AOH MHAJIUIpavMma). JTOT
MeTOZ TO3BOJSET TOUHO ONPEAENHTh MOJEKYJISPHYIO MAacCy BElECTBA
(N0 MOMEKYASIPHOMY HOHY) H €ro 3JeMEHTHBIH COCTaB.

7. OCHOBHEIE MOHATHA O PEAKIUHOHHON CIIOCOBHOCTH
OPTAHUYECKHX COEJMHEHHUU

UccrenoBanus NpeBpamenuii OpraHHYecKHX COSIMHeNHIT, HX peaKiuH
ABJSIOTCS OIHOH M3 BaXKHEMIIHX COCTABHEIX YACTeH OpraddvyeckoH XH-
Mud. XHMHYECKHEe Peakiuu 110 CBOEMY CYIIECTBY ABJIAOTCA Npouec-
caMH, B KOTOpHIX NPOHCXOMT IepepacrpenesieHue 1eKTPOHHONH MJI0T-
HOCTH B pearupytoleit cucreme. B pesyabraTe 3TOro HEKOTOPLIE XMMH-
yeckue CBS3M McueaaloT (pasphisaloTcsl) M ofpasyloTest HoBele. Hacto
3TO CBSI3AHO C MEPEHOCOM 3JEKTPOHA OT OIHOrO aromMa Ha APYroH, or
ofHO# MOJIeKybl Ha apyrywo. Ilpouece, B KOTOPOM HDPOHCXONUT HCHE3-
HOBEHHe OJIHMX W TOsBJelHe APYTHX XUMHYECKHX CBA3EH, Ha3bBACTCA
anemeHmapHoin akmom peaxyuu. VIHOra 31eMEHTapHBI aKkT peakuHH
CBSI3aH C NEPEHOCOM 3/1eKTPOHA OT OJHOrO KOMMOHEHTa Ha JpYrOH.

AToM, Yy KOTGPOro NPOMCXOAMT PasphiB Wi obpasoBaHue CBA3EH,
ABIACTCH pearyuorusis yenmpos. VlHorna peakunoHHEIX UEHTPOB MO-
3KeT GLITh HecKoJIbKo OflHOBpeMeHuo. [Ipesnoaaraior, 4to peakiioHHEIMH
LEHTPaMU MOTYT OLITb Te aTOMBI, Y KOTOPBIX Gosiee BLIpAXKEH 3JEKTPO-
HOAKIIETITOPHBIA HJIH 3JEKTPOHONOHOPHE XapaKTep (B MOMEHT peak-
LM HA 3THX aToMax o6pasyliorcs 3HAYHTENbHEE 3(XDEKTHUBHBIE 3ap AN,
TONOXKUTENbHEE HIH OTPHUATeJbHbIE). JTO OTHOCHTCH T/aBHBIM obpa-
30M K peaKIIHsIM C HOHHBIM MeXaHn3MoM. CXemy, B KOTOPOH H300p a7KeHbI
3/eMeHTapHble AKTH DPeaKkLMH, NOKa3aHH peakUMOHHBIe IEeHTPHI, HC-
XOZHble ¥ KOHEUHKIE MPOIYKTH, HA3HIBAIOT MexaHuamon peaxyuu. Tou-
Hee, TaK HasblBaercs JiETAlbHOE OfHCaHue TyTH, BeAYyIIero OT peéa-
TeHTOB K NPORYKTaM PeakiliH, BRIoUaollee KaK MOKHO GoJiee NOMHYIO
XapaKTepUCTUKY COCTaBa, CTPOEHHs M APYTHX CBOHCTB POMEXKYTOYHBIX
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COeJIIHEHHH U MepexoAHBIX COCTOSIHHH, a TaKKe NPEANOoJIOXKeHHst, Ka-
caloLLEecd CMELICHHA 3JEKTPOHOB B XOJ€ Ioc/JeJ0BaTebHbIX MpeBpa-
HIeHHH YacTULb.

1. KHHETHUKA OPTAHUYECKUX PEAKLMH

XuMHuyeckas KHHETHKA H3y4aeT CKOPOCTb XMMHUYECKMX peakumuil M 3a-
BHCHMOCTb CKOPOCTH OT KOHLEHTPALHH PeardpyolliX BelecTs, TeMIe-
parypel U AaBJieHHdA, THNA PacTBOPHTEJ .

CkopocTh XMUMHUYECKOH peakLUHH U MOXHO BBIPA3HTb [ABYMsl CIIO-
cobamu: ub0 Kak (PYHKLHIO OT KOHUEHTpalUH NPOAYKTa PeaKkLUH X

dx
M BpeMeHH I v=r-y;, AH00 KaK GYHKIHIO OT KOHLEHTPAINH HCXOAHOIO

de
BelUIeCTBaA ¢ U BPEMEHI’I t UZ—‘J- Ecau KOHueHTpaHIHO I/IBMEPHIOT B

MOJSIX Ha JHTP, TO CKOPOCTb pPeaKlM{ H3MEPSHIOT B MOJb-J !-c”

Jas MHorux peakuuii CKOpOCTb NpONOPLHOHAJLHA OIpeje/eHHOMH
CTENEHH KOHIEHTpAUUH peareHToB.

Jasgs pearuuil nepBoro nopsajaka (Hanpumep, peax-
uuit Tuna A—X) cKopocTb NPONOPIHOHANbHA NIepPBOi CTEIEHH KOHIeHT-
paluu pearenrta: v=~kc.

Jdasgs peakuuit BTOPOro nNopsAAaKa CKOPOCTh NIponop-
IUOHAJbHA KOHUEHTPAIHH peareHta BO BTOPOH CTeleHH, eciu peart-
pyiomee BeuecTBo oiHO (peakuud tHma 2A—X),

v=kc?

WM NPOM3BCACHUIO KOHUEHTP AU ABYX Pearupyouux BemecTs (Hanpu-
mep, peakunu tHna A+B—X):

v=rFkc cp.

M3BecTHBl Takxe peakll TpPeTbhero nopsaAKka: (peak-
muy tuna 2A+B—X). lna Hux

b2
v=~Rkecycg.

Takaa peakuusi ABMAAETCS peakildell BTOPOre Nopsjika 10 OTHO-
IIEHHIO K pearenty A M nepBOro Nopsijika IO OTHONIEHHIO K peareuty
B, cyMMapHBIi NOPAAOK PeAKLUMH FABIAETCH TPETHHM.

[onatue «nopajgoK peakuuH» HE CIeAYeT OTOMKACCTBAATE ¢ MOJEKY-
JAPHOCTRIO peakuuu. [Iof MOJEKYJAAPHOCTbIO peakUuH MOHHMAIOT YHC-
JIO MOJIEKYJ/I, YYacTBYIOUIMX B 3JeMeHTapHOM akTte peakuun. [lo-
PAAOK PeaKUUH HEe YUHTHIBAET MOJIEKY/IBl PACTBOPHTE/S, TaK KaK OHH
HaxoAATcs1 B GosblioM H3OBLITKE, HO B 3J€MEeHTAPHOM aKT€ OHH MOTYT
y4acTBoBaThb. Bce-TakH J4eHb 4acTO MOJIEKYJSPHOCTb peakuuil (Mo-
HOMOJICKY/IADHBIE DEaKLUUH, OuUMOJIEKYJspHbIE peakuHH) CcoBhajaer
¢ NOPSAJAKOM peakuMy (peakUMH IepBOro H BTOPOrO IOPAIKA).

Benuyuua k B BoipakeHnun v=~Rc%cB HasbiBaetcs koncmanmoii cko-
pocmu peaktyuu. OHa ABAETCA BaXKHOH BETUYNHOH, TdK KaK CJAYIKUT
IJ9 CPaBHEHHA CKOPOCTH Pa3JHYHBEIX peakiuil. LEcaM KOHUeHTpauHH
BCEX peareHTOB PaBHBI €IHHMIIE, KOHCTAHTA paBHa CKOPOCTH peakllMH.
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KoHcTaHTa CKOpOCTH peakiiHy NepBoro nopsjka uaMepsiercda B ¢4,
a peaKkUHH BTOPOro MHopsijka — B J-MoOJb~l.c™l,

HOpH}IOK peakKniid U KOHCTAHTY CKOPOCTH ONPEAEaA0T 3KCIIEPUMEH -
TdJAbHO. ILJIH 3TOro HU3MEPAT H3MECHEHHE KOHUEHTPAallHH pearupyIromix
BCUIECTB BO BPEMEHH IIPH NOCTOAHHOHN TEMilepaType H AaBJICHHH. Kou-
HeHTPAUKIO BEUIECTB OIPLACAAIOT NPpU MMOMOWY XUMHWUYECKOro aHalusa,
xpoMaTorpaduy H ClIeKTPOCKONMHH. ITH H3MEPEHHA NPOBOLST € Pa3AHY-
HbIMH KOHUEHTpauuAMU HCXOAHNLIX BEIIECTB U pPE3ybTaThl OépaéﬂTbI-
BaloT MaTteMmatuuecku. C LHEeJBI0 ONpEJeIeHUd MoPAIKA peakUiH HeodH-
XO;MMO NpPOBEPUTDH, AEHCTBYIOT JIH COOTBETCTBYIOIIME ypaBlieHus. Ha-
npuMep, A5 peakiuil nepeoro nopaaxa
——3—t__kc HJIH d—l—k(a—x)
rre a — HavaJibHasl KOHLEHTpauusi HCXOJHOro Be€HlecTBa, XY — KOH-
HeHTpauus NpPoAyKTa peakliuu chnycTd Bpems f.

Tocae HHTECrpHPOBAHHA TNOJAYyYaeM KHHETHUYECKOe ypasuemie

In

a
=kt UIH a—x=aqe K,
a—Xx

Ilna peakuuii BToporo nopsaika

dx

¥\2
ria =k (a—x)?,

roc/ie UHTErpHPOBAHUS 3TO BEIpAXKEeHHE NPHHHMAET BHJ

X

=M

Miorne peakums B opraHuYeckoil XUMHH ABASOTCA o6 p aT M-
Mbu M U (paBHOBecHhle peakuuu). Kak npsmas, Tak n ofpatHast peak-
L[HY MOTYT 6bITh EPBOrO HJAH BTOPOrO MOPSIIKA, U OHH XapaKTEPH3YIOTCA
pa3HbBIMH KOHCTaHTamu: k; u k_;. Hanpumep:

ky ky
A= X; A= X4Y.

-1 -1

Takne peaknuM HMEIOT CJIOXKHbIE KHHeTHUeCKHe ypaBHeHHA. Peax-
1uH XapaKTEPPlSy}OT KOHCTaHTOH paBHOBecus K:
(X1, X7y}

K=z K=&y A

kl K=

KoncranTta CKOPOCTH peaKUMM 3aBHCHT OT TeMnepaTypnl. Bsaumo-
CBSA3H MEeXJYy STUMU Beauuunamu uccaegoBami  §. Baur-Todd
n C. Appennyc (1887). D10 ypaBHeHHe H3BeCTHO KakK mpasu/io Appe-
HUyca:

Ea

k= Ae RT,

rie T — temneparypa B mKane Kenssuna; R — yHuBepcasbnas rasc-
Bast MOCTOSIHHAS, £, — HEPIUsi aKTHBaUMM (appeHHycoBckas sHep-
rHS aKTHBALMH); ' A—xoncranra (mpesaKCroneRIM ANTbHbL] MHOMHTED).
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. Tlpi NOBHILIERHH TEMNEPATYPH! CKOPOCTH PEAKLHH PACTET, KOHCTaH-
T4 CKODOCTH YBREeAMUYMBaeTCs.

.3Hech BBEAIEHA HOBasi BeJIHYMHA — 3Hepeus axmugayuu. YUToGu
OCYULECTBHIACh PEAKUMS MEXKAY ABYMsl YacTHUAMM (MOIEKY.naMHu, aro-
MaMH, HOHAMH}, OHHM JOJKHEL CTOAKHYTECH. YHCIO CTONKHOBEHUA 3a-
BHCHT OT KHHETHUECKOH SHEpPruy 4acTHI, H OHO YBENHYHUBALTCA C POC-
TOM Temnepatypbl. OAHAKO He KaXJ0e CTOAKHOBEHHE BHISHIBAET PeaK-
1HIO MEXAY 9acTHllaMH. B peaxuyio BCTYNaloT TONBLKO YacTHLUs, obna-
Jalonmue AOCTATOYHON SHepryell — aKTHBHPOBAHHbLIE YACTHIN, ¢NOcob-
fible NpecpoaeTh sHeprerndecknyit 6aprep. B pesyanrate cTONKHOBEHHM
YaCTHUB AaKTHBHPYWOTCA, HO He Bce. C MOBHILEHHEM TeMOepaTypH yBe-
JMUYUBAETCS YHC/JIO TE€X CTOJKHOBEHUH, KOTOpHeE NPUBOMAT K peakLuH.
[Ipr B3auMONEHCTBHH AKTHBUPOBAHHLIX MOAeKYNn ofpasyercd @K-
musupogansodi nepexodusili xomnaexc (NepexofHoe COCTOAHHE):

Pearupytomue __, AkTHsaposanane _, [lepexognoe _, TIpoAyKTH
MOJIEKY IR “— MOJCRYJAN “— cocTofAHMEe T peaKUHH

Sueprus, Koropas 3aTpauHBaerca Ha o6pa3’oBaHHe AKTHBHPOBAHHOTO
KOMILEKCA, HaskBaeTCn asepeued axmusayuu, BpeMa KU3HUM nepexod-
HOTO KOMIICKCA OYeHb Mano — okoJio 10712 ¢,

[Mpouecc moxer Owrh H30OpaMed rpadMyYecKH, eCaH OTAOXKHTDL
Ha ocH abcuHuce KOOPAHHATY PeaKiHH, a HA OCH OPAHHAT — U3MEHeHHe

IlepexonHoe coCTOAKME

AG e AG ‘ Tlepexoanoe cocTosHue

1

3 o

AAG

AAG
l

L

KoopanuaTa peakuvi Koopgunara peaxtuu
a 6 .
Puc. 47, HUameHeHHe cpoGoaHoll SHeprun B Xo/le peaKuHu:

Eg—sueprus akTRoanHN; AAG xapaxtepusyer fTemnomofl ShPeKT DPEARURY; 48— 9K«
soTepMAatcckRit ApoUece; § — 3HAOTEPMIGECKHIT TTPOUecs

cofiepanua cBofoanoll sHepruu cucremul AG. [MonsTHe «kKoopAHHATA
peakuHH» o3Hayaer KpatdaMiuud nyTb, MO KOTOPOMY HCXOZHAA CHC-
TeMa [peBpalfaeTcss B NMPONYKT ¢ HAMMEHbLIeH 3aTparoil 3HeprHH
(puc. 47). Hsmeneume cofepmaHHs cBOGOAHOM 3IHEPTHM CBSIZAHO C
IRTANIBIIHEN W SHTponHeff cHCTeMH (yHAAMEHTANbHBIM YypaBHEHHEM:

AG=AH—TAS,

rae H — ayranbnus; S — surponns; G — ceobofHas SHeprus.

. Béanunra AG ces3ara ¢ KoHcTaHTO# paBroBecHd peakuun K (ans
obpatumbix peakuuit): AG-=—RT In K. : '
Beanunna AH Moxer GHTE OlUE€HEHA NO TeN/oBHM pderTam peax-

uiti (Bea. 6.2).
66

Teope'mqecxn Ana npocTore cayvuas 3HCPrHIO CHCTEME MOXKHO npea-
CTABHTb KaK (PYHKLHIO MexkaToMHoro coctostus, Mamenenue suepruu
B 3aBACHMOCTH OT MEXKATOMHLIX PACCTOSHHH pEearupyloiliiX YacTHI,
MOXHO H300DA3HTb AOGEPXHOCHBI) NOMEHUUANOHOE IHepeuls peaxyui.
Ipadukn AG —— KOOpAHHATA PeaKUHH ABJAAIOTCA HEKOTOPHM CCUCHHEM
NOBEPXHOCTH TOTEHNUHANLHOH 3HEPTHH NO HaubGojee BLIFQAHOMY HYTH.

2, TUNbl PEAKUYA U PEATEHTOB

Knaccupukauus peakunii MPOBOAMTCA 0O XapakTepy XHMHYECKHX
npespalenuit K no cnocoly pasphiBa CBA3H B HCXOAHONR MOJEKyJe.
-Tlo XxapaxTepy XUMHYECKMX NPEBPAUICHHH PA3IHYAIOT Peaxunu:
a) OAAHO3JIEKTPOHHOTO NepeHoca (peakuuH ONHOJIEKTPOHHONO OKHC-
JieHHs — BoceTanosgaenns): D:+A—D-*+A .- :
6) mvccoumanuu # pekombunamnu: A—BZA+B;
B) samemienns R—X+A->R—A-+X;
r) OTWENAEHHA: W{—R—-A —Y=R+A—B;

B
_ ) npucoesunenns: Y=R-+A—B — }(_17%
N B A

€) BHKJONPHCOSAHIICHHSA: Y R Y ~—E
f o+ — 1 !
R Y
Ay Y~ B
I+ | — | [
[ R
Df \D/

LukaonpucoeaMHeHHEM HASBBAKOTCS PeaKUMM, B KOTOPHIX JBE HAH He-
CKO/IbKC HEHACHIUIEHHEIX MOJEKYJ COEAHHAITCA ¢ 05pasoBaHHEM Of-
HOTO- HIMK/THYECKOro afiflyKTa, B KOTOPOM HMEET MeCTO ofuiee yMeHblue-
HHe KPaTHOCTH cBf3eH, Peaxmun MoryT OHTh NepUUHKIHYECKAMH
(cM. HIKE) WA MHOTOCTARMBHBIMA;

3K) PeaKIUY H3OMEPH3ALHH | NePerpynnupoBkHy (NepaMellenHe Kpar-
HBIX cBAsell, MHrpauusi aioMOB M TPYyNN, 3aMbiKaHHE LWKJAA H JP.):

. A
A\B/ D A\B N\B
|I Ar— —

i d |
c \p “p

Bo Beex peaknuax, KpoMe NepBof, NPOHCXOZHT pa3puB HAR ofipas
30BAHHE XHMUYECKOH CBA3H. Peakumu Tuila ¢ 4 6 NpeAcTaBATIOT 0O~
Goii ssieMenTapune aRTH. PeaRmud zaMewnenus, oTUIENJCHHS, NpHCOe-
JAHEeHHs, H30MEpH3aLMd H NEPSrPYNAMPOBKH HBAAIOTCH Gojee CHOXK-
HEIMH M B 0flleM C/yYae COCTOST U3 HeCKOABKUX 3/IeMEHTAPHKIX aKTCB,

. TTo cnoco6y paspelBa u ofpasoBanHas XHMHYECKORH CBAISH peakuud
NOAPA3NSNAOTC Ha: T
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a) TOMOMHUTHYECKHE (CBOGOAHOPALHKAJBHBIH MEXaHH3M)
A:B 2 A' + B ]

6) rereposHTHYecKHe (MOHHBII MeXaHH3M)
A:B = [A:]7 +(BI*

'

CBoeoOpasHBIM THGPUAOM SBJAAIOTCA peaKUUH OAHC3JIEKTPOHHOIO
NepeHoca, B KOTOPHIX MOTYT OOPa30BBIBATLCA HOH-PAJHKAJbI, KOTO-
pble pearupyioT Jagaplie KakK ¢ HOHaMH, Tak U cO cBOGOAHBIMH pajHKa-
JgaMH. OObMHO DEAKUMH HOH-PAJUKAJIOB NPHYHCIAIOT K TOMOJUTHYE-
CKUM pearluuaM.

B) NMEPULHK/IHYECKHE PEAKLHH — XHMHYECKHE PeaKIuH, B KOTOPLIX
peopraHusauys cBsi3ell HPOUCXOJUT COTrJACOBAHHO Yyepes HUK-
JIMYECKYIO TOC/IeI0BATENbHOCTL HENMpPephiBHO CBA3AHHLIX aTOMOB, T. €.
pPaspuiB ¥ 06pa3oBaHHe CBA3eH NPOUCXOAHT OJHOBPEMEHHO B NOJHOCTLIO
CONPSKEHHOM IMK/JIHYECKOM NepeXOJHOM COCTOSIHHH.

K nmepHUMK/IMYECKHM PeaKUHAM OTHOCSTCH YacTh PeakUui HUKJIO-
NpHCOeAHHEHHA (CM. BbllIE) U HEKOTOPble MOJIEKYJsIpHBIE NeperpyriH-
POBKH, B TOM YHCJE 3JEKTPOUUKIHYECKHE DEAKUUH WU CHCMATPOIHBIE
HeperpyninupoBKH.

DNeKTPOLMKJINYCCKAA peaKUua BKJKYaeT  06pasoBaHHe O-CBA3H
MeX/y KOHIAMH TMNOJHOCTbIO CONPSIKEHHOR JHHEHHOH M:-31€KTPOH-
HOH CHCTEMBI

H H
L |

H_ G H._C

e N, e/ NcH,

& T b

HS N7t H/C\C/ :
[ |
H H
a TaKXe OGPATHBIH 3TOMY NPOLECC.

CurmatponHasi NeperpynnHpoBKa BK/OYaeT ofpasopaHue HOBOH
0-CBA3H MEXJY paHec HE CBA3aHHbIMH aTOMaMH H pas3pblB Cy].[leCTBle'“
el 0-CBA3H, HaNpHMep: ‘

H H
l |

C o
H,C” NCH—R H,&”7 MCHR

| c —
Hzc\c// H—R ch\c/

I [
H H

I
CHR

B rerepoiuTMYECKHX PEAKUMAX YYaCTBYIOT Pas/HYHBIE PEAreHTHI:
HOHBl HJIH NOJIAPH30BAHHbBIE MOJIEKYJBl. HOHBI MOTYT GBITh Pa3IUYHONO
THIIA B 3aBUCHMOCTH OT XapaKTepa B3aHMOAEHCTBHS C POTUBOHONOM
H MOJIEKYJaMH DAaCTBOPHTEs.

[lpu voHM3auUMH KOBAJIEHTHO CBA3H CHAuAJIa MOXKET 06pas3oBaTLCR
KOHTaKTHas (TecHasl) MoHHas napa A : Be=A: "B+,
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KontaxkTHast HOHHasi Tapa npeJictas/isieT coGod mapy NpPOTHBOINO-
JIOXKHO 3apsDKEHHEIX HOHOB, VepKHBAIOMMKXCSA BMECTE 34 CYeT KyJo-
HOBCKOTO NpHTsAMXeHus 0e3 06pa30oBaHusl KORAJICHTHOH cBasu. Takas
HOHHAfA napa BejeT celsl KaK OfIHO LeJ0e, 3JEKTPOIPOBOAHOCTE PACTBO-
pa He yBe/JIMYMBaeT. i}

KontakTnan noHHas napa npu B3auMOAEHCTBHH € MOJIEKYaMH pacT-
poputesnss (Sol) Moxer 0GpasoBHIBATE CBOGOAHYIO (DBIXJYIO) HOHHYIO

napy:
R Sol  _
ATBF = A7 [Sol|B*

CsoGogHas HOHHAA Mapa CHMBOJHYECKH M3o6paxaercsa xak A7||B™;
ee COCTABHLIE YACTH JErko BCTYNAOT BO B3aHMHEIN oOMeH C JIpyTHMH
CBOOOAHLIME MOHHBIMHM TNapamu B pacreoputene. [lanee moxer ciaefo-
BaTh [MCCOIMAIMA CBOGOAHOI HOHHON Napel ¢ 00pasoBaHHeM COJibBa-
THPOBAHHBIX HOHOB:

_ Sol Sol - Sol
AT Bt —— AT + Bt
Sol Sol Sol Sol

B pesyabtate B pacTROpe NOABJAAIOTCA CBOGOAHBIE HOHBI, 3JEKTPO-
NPOBOAHOCTL PACTBOpPA YBEJHYHUBAETCH.

KoHuenuus KMCJIOTHOCTH M ocroBHocTH. B 1923 r. Bpencren u
Jloypn HesaBHcHMO ApYr OT Jpyra NPELIOXHIH APOMOAUMULECKYIO
TEOPHIO KHCJIOT U OCHOBaHMH. KucaoramH Ha3bIBalOT COeJHHEHH:, CNO-
COBHblE OTWIENAATH NMPOTOH, & OCHOBAHHAMM — COELHHEHH:A, cnocol-
Hbleé TNPUCOEAHHATH MPOTOH:

6— 6+
R—H -+ :Sol == R:= +4 HSol*
KHCJ/0Ta NpoOTOHO- conpsi-

aKuenTtop- JKCHHOE

HBIl pacT- OCHOBA-

BODHTENDb Hue

R~O—H-:Sol == R~0:~ +HSol+

OH-xHcuota

Iy L
R—C—H +:Sol == R—C:~ -} HSol*

{ |

RII RII
CH-kucaora

R’ R’

l I
R—N —H+:50l = R—N:~+HSol*

NH-kncaora

| i
R—N*—H+4:S0l ;=2 R—N:-+ HSol+

! l

Rﬂ R”
NH-xucsota [JNERYER

Hioe
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IIpu HoHM3aUUHN HEHTPANbHBIX KHCJAOT 00pa3yercss aHHOH, KOTOPbIii
npefcTaBnneT cofofl OCHOBAHWE W HA3LIBAETCH CONPSIKEHHBIM OCHOBA-
HUEM COOTBETCTBYIOMIEH KHUCIOTHL.

B To ke Bpems MPOTOHOAKIIENTOPHEIH PACTBOPUTENb TAKXKE ABJSETCS
OCHOBAaHMEM, a IPOTOHOHHPOBAHHBIH PACTBOPUTENB — KHCIOTOH.

OcHoBanue npeactap/isier coboil HeHTPATbHYI0 YACTHILY WJIM aHHOH
¢ HernoJie/ eHHOH Napofl 3JeKTPOHOB!

B: 4 HSolt == B*—H +:Sol
ocHoBanH2 COMNpAXKEH-

Hasl KICJO0TA

He#ttpanbroe ocHoBanue noc/1e NPHCOCAHHERUA IPOTOHA MpeBpama-
eTCsl B KaTHOH—KHC/IOTY, CONPSXKEHHYI0 € COOTBETCTBYIOIHMM OCHOBA-
HUeM.

KucnoTHOCTb XapakTepusyercs KOHCTAHTOH KHCJIOTHocTH Kg:

_ [H*][R:7]
K,= [RH] .
qame NOJIL3YIOTCH noKal3amesem KUCAOMHOCHLL:
Ky =—lg K.

OCHOBHOCTb OCHOBaHMH OOBIUHO XapPaKTEPH3VIOT KOHCTAHTOH KHC-
JIOTHOCTH CONPSAXKEHHON KucIoTH Kpy*:

H+][B:
KBH+:[—[B_]H‘[+T]? — g Kgy+ =pKpy+.

['. Jlbtouc paciumpun nousrne «kucaorar. Kucnoramn, no Jlsoucy,
SIBJIAIIOTCA BCE COCJIMHEHHsI H KAaTHOHBI, CIOCOGHBIE COEIHHSITLCSE C OC-
HOBAUMAMM (4aCTHLUAMH C HENOJEJNEHHBIMH HapaMu 3JEKTPOHOB):

A L :B —A-_B+

KHCIOTA2  OCHO-
Jlbloilca  BaHHe

Kucnoramn Jlbionca, nanpumep, asisiorest BF;, BCl,, AICH,, FeCl,,
SnCly, SOs, NO* (karnon nurposonns), NOJ (KaTHOH HUTPOHHS) U Ip.

Tunbl peareHTOB B FETEPOLMKIMYECKHX peakuuax. Pearente nop-
PasfesioTCsl HA HYKACO(PUAbHbIE W IACKMPOPUIGHble B 3aBUCUMOCTH
OT TOTO, KaKue CBOHCTBA BBIPAMEHB GOJeE APKO — 3JIEKTPOHOIOHOP-
HblE HJIH 3JEKTPOHOAKIENTOPHEIE,

HykneopHJIbHEHMH pearenraMu Ha3bHBaloTCH yac-
THIBL C 3J€KTPOHOAOHOPHBLIMH CBOHACTBAMU, KOTOpBIE 06Pa3yioT CBsi3b
CO CBOMM IIapTHEPOM B PeaKlHH (31eKTPODUIOM), OTAABAT HENOJE] e -
HYIO 3JIEKTPOHHYIO Napy MM 00a CBASHIBAIOMNX S/IEKTPOHA NOJISPHOM
cBst3u. Takumu sBJsAIOTCA OCHOBaHHsl JIbIOHCA, HANpPHMED AHHOHBI C
HENOJENCHHBIMH N1apaMH 3JEKTPOHOB, HMOHHBIE Maphl M HEHTPA/IbHbIE
COEOMHEHHST ¢ CHUJABHO TOASIPHOM, COOCOBHON K MOHHU3AIHH CRAZLIO.
K Hyk/I€0DUIbHBIM peareHTaM IPUHALIEKAT BCE HEHTPAIbHLIE COCH-
HEHHS, COAEpIKAILHE ATOMBI C HeNOJENEHHBIMH NapaMH JIeKTPOHOB HJIH
oGnajanliye J0CTaTOUHO HU3KOH SHEpPTHell MOHH3auHH. '

Hyxkeobunnnere peareHTs! MOXKHO K1acCHbHUIHPOBATb B 3aBUCHMO-
CTH OT THNA HYKJIEODHJIBLHOTO aroMa, Hanpumep:
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H-nykneopunel —H:= (ruapuaron), BH;]\;}*, I%LH;M"'

C-nykaeopunsl—R:~M+ (kapGanuonn), R—M (meramnopratu-
yccKre COelMHEHHS), alKeHbl, ajlKkafueHhbl, apeHsl # 1D.

N-HyK.HeOCbPIJ'!bI—R:.R"N:'_M"’ (aMubl METaNJOB H NX NPOH3BOJA-
nie), RyN:, R;NH, RNH,, NH; ) )

O-nyrneoduner—HO: "M+, RO:-M*, H,0, R—O—FR’

P-nykaeofuas —R,P: . ) .

S-nykaeoguast —HS:~M*, RS:=M*, H,S, R—S—R’

ranoreHng-nonsl — (Fi-M*, :(;l:‘M+, :B__r:“M*, IimM¥

HcxoAs U3 KOHLENIHH KHCJIOTHOCTH H OCHOBHOCTH BCE€ OCHOBaHHS
AOMKHB! OBITb HYKJEOPHIBHEIMH peareHTaMu. Bo MHOTHX ciayyasx 3710
neiicTBUTeNbHO Tak. Ho HeoGXonuMO ORYEepKHYTb, YTO HET KOJHYECT-
BEHHOH B3aMMOCBS3H My OCHOBHOCTBIO H HYKJIeO(DHIbHOCTHIO (CBOM-
CTBOM OBbITb HYKJeopuabHbiM). OCHOBHOCTb XapaKTepPH3YeT CPOACTBO
K npotony. HykieopuIbHOCTD ABAAETCA NOHsTHEM Oosiee ITHPOKHM
M XapaKTEpPU3YeT PEAKILHOHHYIO CIOCOGHOCTb HYKJEO(QHIBHBIX peareH-
TOB B Pa3/JHYHBIX PEaKLHsX, HANPHUMEP B PEAKUUAX HYKIEOpHILHOTO
3aMeleHds Y HACHIIGHHOTO yriepogHoro aroma (em. c. 231), 1. e.
CPOJICTBO K NOJOMKHTEJIBHO OMAPH3OBAHHOMY yr/epoaHomy atomy. ITo-
5TOMY cJ1a60€ OCHOBAaHHE MOXKET BBICTYNATh B POJH CHIBHOTO HYKI/IEO-
¢una (HampuMep, COGAMHEHMs cepbl— cyabduanl R—S—R’). 3ro B
2HAUMTEJbHOH CTENEeHH 3aBHCHT OT NOJISIPH3YeMOCTH 3JeKTPOHHOH CH-
CTeMBl HYKJIEODUJIbHOrO peareHTa M Pearupyloliero BelecTsa.

OQnekKTpobHJIbHBMH PpPeareutTamiu Ha3bLIBAIOTES!
YACTHIBI C 3/EKTPOHOAKIENTOPHBIMH CBOHCTBAMH, KOTOpBIE O0pasyioT
CBSI3b CO CBOHM MapTHepoM B peakluu (HyKJIeohHIom), akuentupys oba
3JeKTpoHa naptHepa. Takumyu siBIs0TCA KHe/oThl JIbtonca. Hanpumep,
cBOGOAHBIE KATHOHBI €O CBOOOMHON OpOGHTANIBLIO, HOHHBIC Iapbl M HEHT-
panbHBlE COSIMHEHHS C CHJBHONOJSIPHOMH, CIOCOGHOH K HOHH3AUHH
cesA3bl0. K 31eKTPOQHIBLHLIM peareHTaM NpHHaJJexar Bce HeATpasb-
HBle COeIMHEHUs, COfeprKamie aTOMbl C He3aNOJIHEHHOH OPOUTaNbIO HIIH
obsiafiatolliie BEICOKHM CPOJACTBOM K 3JIEKTPOHY!

H-snektpoduael —H+ X~ (culbHBIE KHCIOTHI)

B-saektpodgunn—BF,;, BCl;, BR,

C-anextpopunsl — R,C+X~ (kap6oKaTHOHDI), COEAUHEHHUS C CHJIb-

8+ 8- 6+ 6~ 5+ 8~

nononsapuoii cessplo R;C—X, R,C=Y, RC=N, xunous (Bbicoroe
CPOACTBO K 32JIEKTPOHY)

+ +
N-saektpoduas —NOX =~ (conmu mutpozonus), NO. X~ comu HHT-
+

B b
pouns), R—N,X~ (comn nuasouusi), R,N—X
8+ 6-
O-anextpoduanl—R —O0—X, R—O0—0O—R (nepokcuabi)

o+ 6- +
S-saektpodman — R —S— X, HSO,X~, SO,
ranorenst—F,, Cl,, Br,, I,

7t



AneKTPOQUIBHBIM MOKHO clelaTh NMOUTH JMoGOH 3MeMeHT MepuoH-
YeCKOH CHCTEMBI, €CAH COeIHHHTb €r0 C 3JEKTPOHOAKLUENTOPHBIM 3Je-
MeHTOM (Hampumep, ¢ (TOpPOM, XJOPOM H Ip.).

OnexTpohUIbHOCTD  XapaKTepPH3YeT QTHOCHTENLHYI0 PpEeaKIHOH-
HYI0 CII0COBHOCTL 3jeKTpoduIa Mo OTHOWEHHI K ofiemy cy6erpary
(crocoBHOCTB aTakoBaTh YIJIEPOAHBLHY aTOM).

HykaeobHnbHBIE U 3J€KTPOGHILHEIC pEAreHThl BCTYNAT B peakiyuH
saMelneHusi. Peakiigs HyKn1eoDpHABHOIGC 3aMen €l s —
3TO TeTepOJHTHYECKAasl peaKUHsl, B KOTOPOi peareHT, MOCTABJAOLLHH
BXOJSIILYI0 TpyNNy, AEHCTBYeT Kak HyKJaeodbu.s:

R—X+4:Nuim= — R—Nu:4-:X-
R—X - :Nu -— R—f\}u—}— X

HyKJaeodua HyKacopyr

Yxonamas rpynmna, Kotropasg YHOCHT CBA3HBAIOULYIO 3JIEKTPOHHYIO
napy, Ha3blBaeTCs HyrKaeophyeom.

Peakuus 3aekTpodbHABHOTO 3aMeU eHUS—3TO0
reTepOJIHTHYECKAs] PeaKNHsl, B KOTOPOH pearedTt, MOCTABJAIOMIMA BXO-
AAULYI0 TPynny, AefcTBYeT KaK 37eKTpodu:

R—Y4+ E+ — R—E+ Y+

3/1eKTPO- 51K TPO-

bun byr

Yxoasuiasa rpynna, Kotopasi He YHOCHT CBSISHIBAIOLLYID 3/€KTPOH-
HYIO 4Dy, HasblBAETCHA 3AeKmpodyeom.

B noasipu3oBaHHLIX MOJieKy/1aX H XHMHYECKHX CBA34X BCErjJa MOXKHO
HafiTH 1Ba DPEaKIMOHHLIX HEHTPa — HYKACODHUILHBLIH H 3JeKTpodHIb-
Hblit:

R 8+ as- l6— 8+
C=—=0: R.—,—’ ? —— Lj
A
ROt FHN
A}
ANEKTPO= HYKIEO— Hyneo- BREKTPO =
unbuui  PUALHLGE unenui  bunsimi
UEHTP UEHTPp ueurp neurp

OtHocHTe/bHAsI PEeAKLHOHHAs CIOCOOHOCTH 3IEKTPOPUALHBIX H
HYK/J1€O(hHILHBIX HEHTPOB 00YC/IOBJIUBACT HYK1€ODHABBOCTE MU 3JEK-
TpodHUIBHOCTb BCeH MOJIEKYJIBl B Le10M. TakK, KapOOHHMLHBIE COE/HHE-
HHUSl ABJAAIOTCA JeKTPO(PUIbHBIMH peareHTaMu, a nnmﬁopraﬂﬂqecme
COeJUHEeHHS] — HYKJeohHJbHBIMH peareHTaMu.

Ytolul mpolLta TeTeposHTHYeCKas peaklusl, HYXHb 06a peareH-
Ta — HYKJICODHABHBI H 371eKTpoduabHLIA. KoHuenuus HykaeodHb-
HOCTH — 3/]1eKTPODUILHOCTH B OpPraHHYeCcKOH XHUMHH B 3HAUUTEJNLHOMH
CTeleHH HallOMHHAeT KOHUENUHIO OKHCJAEHUS — BOCCTAHOBJIEHHA B He-
OpPraHUvYecKoll XUMHH. B KaJoll Heopranuyeckoll peaklUUU OKHCJIEHHS
eCThb KOMIOHEHT, KOTOPBIH OKHCASIeTcsl — OT/JAeT JeKTPOHH!, U KOMIIO-
HEHT, KOTOPHIl  OKHCJAseT  (BOCCTAHABJIHBAETCHA) — MPHCOSTHHAET
3MeKTPOHLI. B opraHuMueckux peakuMsAX MBI TOXKE MOXKeM (opManbHO
HaHTH JBe PeaklHH — HYK/JeOPUABHYIO H 3/aeKTpodHibHyo. Hanpu-
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‘Mep, peakuus HYKJIEopHJBHOTO peareHTa ¢ KapOOHHMbHON Trpymnno#

R 6+ 6- R! :
Nee OiiNi— —  >ed"
R/

npefcTaBasier co0OH peakuuio HYKACODHILHOTO NPHCOSRMHEHHA K
yrIepogHOMY aToMy KapOOHHALHOM [PYIILL, HO B TO K& BPEMS JICKTPO-
dbuabHYO aTaky peareHta :Nu:~

SnektpoduabHad 4YacTHLA, UMM 3JeKTPCHUIbHBIH LEHTP, BCTyIaer

' B peakuHu ¢ HyK/JIeoQUIbHBIMH YacTHIAMH (B HYK/ICODUIBHBIX PeaKIH-

fX), 2 HYKNeODUIbHAS YACTUIA, HIM HYKJICODHIbHBIA UEHTP, BCTYNAET
B peakuUH C 371eKTPODHJIbHBIMH HacTHUAMH (B 3MEKTPODHIbHBIX peak-
UHAX). _

HykneoduibHble U 31eKTpodubHEE peareHThl (OCHOBAHHA M KHCJIO-
Tl JIbloMCa) XapakTepu3ylOTCs pasiuuHOH NOJAPHU3YEMOCTBIO H  Ka-

. YeCTBEHHO MOTYT OBITh HOJApAa3JeseHkl Ha XKecTkHue H MArkue. JKecmkxumu

peaceHmanmit Ha3bIBAOTCA OCHOBAHUSI H KHC/IOTHI JII:IOHC&, KOTOphbIE CO-

. Jlep3KaT JOHOPHBIA HEHTP UIH aKUEeNTOPHKI HeHTDP ¢ HH3KOH mo/asapusye-
.mocTbio. Hanpumep, nyxkieoduas: H,O, OH-, ROH, RO~, F-, NH;;

anektpodbuan: H*, Lit, AlCl,;, BF;. Maskumu peaeemamtt HasniBa-
IOTCSl OCHOBaHMS H KHC/IOTHI JIbloHca, KOTOpHIE COAEPIKAT JOHODPHBIH
JIEHTP WJIM aKUENTOPHBIH LEHTP ¢ BBICOKOH monspu3yemocthio. Hampu-
mep, Hykaeobuns R,S, RSH, RS-, I-, R,P, R~; anekrpoduanr Hg?t,

Cu*, Ag*.

CylecTByIOT TAKXKe PEeareHThbl, 3aHUMAlOIHe [[POMEKYTOYHOE HOJO-

~ XEHHe, HampuMep Cl-, C¢H;NH,, R+

P. [Tupcon (1963) chopMyiupoBan PUHIIUI HECHIKUX U MALKUX KUC-

aom u ocroganutl (mpunnun YXMKQO), sakmouarolnufich B TOM, H4TO

6osiee craBuibHadA CBA3b ofOpasyercsl NMPH B3aHMOJEHCTBHH XKECTKOH
KHCJOTB C XKeCTKHM OCHOBaHHEM HJIH MSITKOH KHCJIOTHI ¢ MATKHM OCHO-
BanueMm. Ha ocHoBe mpunuuna YKMKO MoxHO BecbMa NPUOTHKEHHO
OUEHHTb PEAKIHOHHYIO CHOCOOHOCTh NMPH B3aHMOAEHCTBHH PasjHYHOTO
THMA HYKJeo)HIOB H 3JeKTPOPHUJIOB.

CoMonuTHueckne peakuusd. B roMoAuTHUECKHX pPeaKUusAX yyacTBy-
I0T YaCTHILI C HECNAapeHHbIM 3JAeKTPOHOM — c80600Hbie  paduKxansi.

B cBoGoAHBIX pajuKaTaX UMEETCS MOJIEKY/sipHasd opOuTa/ib, B KOTOPOMH

HaXOAMTCS TONBKO ONMH 3JEKTPoH, Hampumep R«€<® . CyiectBoBa-

HUE HECNIapeHHOTO 3.J1eKTPOHA ABJsETcS NPUYMHON Masoi cTabHab-
HOCTH CBOOOJHBIX PaJHKalOB M MX BBHICOKOH peakUHOHHOH Crocod-
HocTd. OGBMHO CBOGOJHBIE PAJAUKANE B peakuusiXx BO3HUKAT H He-
MEJJIEHHO pearupyioT panbiie. TolbKOo B OTAENBHLIX CaydasdX MOTYT
00pa30BEIBATLCA CTa0MIH3UPOBAHHBIE CBOGOAHEIE pajlMKalbl, €C/AH He-
CMapeHHEI 3JMeKTPOH HAXOJAUTCA B COMpPSZKEHHU C JPYTHMH CBS3AIMU
CBOGOZHOrO pajvKana (IeJOKaNu3alus HecnapeHHOTO JIeKTPOHA) WM
€c/d CBOOOJHBIA pajMKasd CUJLHO pa3BerBJeH, YTO MeIlaeT AMMepH3a-
UUY UAH B3auMOEHCTBHIO C APYTMMH YaCTHIAMH.

Tak Kak cBOSOAHBIE PANHKAIL OOBIUHO SIBJSIOTCH JEKTpoHefiTpais-
HOIMH YacTunavi (KpoMe HMOH-PajMKaJ0B), TO MOIsApHble (DAKTOPHl B
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peakiHax ¢ APYruMn yactunaMu (HoJspHOCTh cBAseH, BeauunHa -
(EKTHBHBIX 3apsiJIOB) WUMEIOT MEHbIlee 3HadeHde, 4eM B TeTepoJiHTH-
HYeCcKUX PeaxiIusx.

MerToapl U3yueHUd MEXaHM3MOB peakuuii. Mayunuth Mexannsm peak-
IH — 3HAYUT YCTAHOBUTH, KAKHMH NyTAMH 43 HCXOAHBIX BEILECTB
obpasyercs KOHeYHBIH APOAYKT. Heo6Xxoaumo BhIACHHTE, YTO € YEM pea-
THPYeT, B KaKHUX MPONOPUHSX, B KaKOH HOC/IENOBATENbHOCTH, KaKHMH
ABIAIOTCA 3JEMEHTAPHBIC AKTHI, IIPOMEKYTOUHBIE COEIUHHEHHA, KaKil-
MH MOTYT OLITb HepeXOJHBIE COCTOSHHA.

OpHUM 13 OCHOBHBIX METOJOB M3Y4YeHHUs MEXAHU3MOB ABJIAETCH Ku-
Hemuueckuit memod. B cOOTBETCTBUM € HUM H3MepAETCs CKOPOCTh PeaK-
LMY B 3aBHCUMOCTH OT KOHIEHTPAIUH PearupyolUX BellecTB, YCTaHaB-
IuBaeTcsl NMOPAJOK W MOJEKY/IAPHOCTb (CTeXHOMeTpHs) peakIHu.

Ina uayyeHuds: MEXaHU3MOB PEaKUHUII YACTO HPHMEHAIOT U30MONHble
memoder. UToObl onpefeinth peaklUIOHHbIe LEHTPbI M pearupyoujue
CBfA3H, B JAHHYIO CBsI3h BMeCTO OOLIYHOrO aToMa BBOJAAT €ro M30Tol
(nanpumep, BvecTo coefuHeHusl co cBsizbio C—H usywaerca coenune-
nue co ces3bio C—D). Eciin ckopocTh peakiiuy 1o fanHoi CBSI3H U3MeH -
ercsl, TOBOPAT, 4TO HabJoJaeTcd NEePBUYHDLIN M30TONHBIA 3ddeKkT, u
370 CAYKUT JOKA3aTeJbCTBOM MECTOHAXOMKJICHHA DEaKUHOHHOTO LEeHT-
pa. BroprM cnocoGoM APUMEHEHHS M30TOMHOIO METOJA ABJAETCH U3Y-
YyeHUe H30TONHOTO COCTABA NPOAYKTOB PEAKIHH M30TOMHO-060rall[€HHBIX
(«meueHbIx») coefuHeHnH. Tak MOXHO OMpeNe/]HTh MECTO paspuiBa XH-
MUYecKMx cbsasedt (cM. c. 574).

Cmepeoxumuseckue memodsl U3YHEHHA MEXaHHU3MOB PeaKili 3aKJI0-

qaioTes B onpefiesieHHH NIPOCTPAHCTBEHHOTO CTPOEHHA NPOAYKTOB pPeadK-
UMH TIPH HCHOJIb30BAHMH HCXOJHBIX C H3BECTHBIM CTpOeHHeM (CM.
¢. 230). Tak MOXKIIO CYIUTb O NPOCTPAHCTBEHHOM MNPOTEKAHHI peak-
.
* Karamms. Myorpe peakuun YCKOPSIOTCSI HPHUCYTCTBHEM TPETLEro
BellecTBa — xamaausamope. KartanusatopoMm HasbiBaeTcs BeLIECTBO,
KOTOPOE YYacTBYET B ONpejieJeHHOH XHMHUYECKOH PeaKuHH M yBeJuul-
BACT €€ CKOPOCTh, HO HPH 3TOM oOliee KOJIHYECTBO 3TOrO BEIECTBa
He MeHseTcs.

KaranuraueckHe HPOLUECChl MOrYT ObITh FOMOT'€HHBIMH (KaTa/aH3aTop
HAXOAMTCS B PACTBOPE PEAKIIMOHHOHM CMeCH) M reteporeHHbIMH (peak-
uust, IpoTeKalolas B KUAKOH UM Ta3oBoH (hase, OCYIHECTBJAAETCH Ha
MOBEPXHOCTH KaTanu3aTtopa). Posb KaTanusatopa 2aKJ4aercs B aK-
THBAIUH PEarupyIOmHX MoneKya. JTO JAOCTHraercsl JH6o MPHCOeIMHE-
HHEEM KaTaju3aTopa K BeIlecTBY, UTO BRISBIBAET JaJbHEHINNE PEaKLHH,
an6o ancopOuye BellleCTBa HA aKTHBHBIX LEHTPAaX Karajius3atopa, 4to
aKTHBHPYET ONpene/eHHbie CBA3H, BLI3bIBAET MX JUCCONHALMIO U T. H.
OcoBoe MecTo 3aHHMAIOT OUOKGMAAU3AMOopsl — (PEePMEHTHI, HPEICTaB-
Jaqolire cofoll cnoxusle Geikn. @epMenThl YCKOPSIOT CTPOro OTpese-
JIEHHEIE PeaKIIUH.

Boablloe snaueHue AAsS TEXHOJOTHYECKOrO HCMNOJL3OBANHA KaTanll-
3aTOPOB, 0COGEHHO GMOKAaTAIH3aTOPOB, UMEET METOJHKA MX HaHeCceHHs
Ha NOBEPXHOCTb METKO3EPHUCTHIX iaTepuanos (NOJMMEpOB, CHIHKAre-
aa). Katanuzarop CBASHIBAETCA C HOBEPXHOCTHIO HOAMKOXKKH, IPH 3TOM
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HOMTYYaoTCA UMMOGCHIHM30BAHHBIE KATAMHU3ATOPHl, NPUTONHBIE IJIS MHO-
TOKPATHOTO HCNO/IL30BaHUA.

Ocoboe mMecTo 3aHUMaeT Mexchasrolld Kamaaus. 1o ABJICHHE 3AKIIO-
Yaercsl B YBENUUEHUU CKOPOCTH PEaKLHH MEXKAY BellecTBaMH, HAXOAd-
IHMHUCS B pasfiuuHbX (a3aX (HeCMENINBAIOLINECS KUAKOCTH HJIH TBEp-
JIOE T€JIO U KHUAKOCTB), NPHU J06aBIeHHH HeGOMbUIOr0 KOJUYECTBA ArEH-
Ta — MeK(a3HOTo KaTaau3aTopa, KOTODHIH HEepeHOCUT OJMH M3 pea-
FeHTOB Yepe3 NMOBEPXHOCTh pasjena B ApYryw dasy, rie ocyLlecTBIs-
eTcqa peakuua. TaKUMH KaTaqu3aToOpaMu ABJISIOTCS YeThIPeX3aMelleH -
Hble aMMoHHeBble coau (cM. r1. XXIII. A) nau arenth, oGpasyomue
KOMIJIEKCHbIE CO€JHHEHUA ¢ HEeOPraHHYeCKHMHM KaTHOHAMH, HANDUMED
KPayH-3pUpEl U KPHUITAHIHL.

Karanus B opraHnueckof XHMHH HTPaeT UCK/IOUHTENLHO BaKHYIO
POJIb. IJTO OTHOCHTCA KaK K peaxkuuaM B Ja6OpaTopHLIX YC/AOBHAX
(manpumep, KaTajdH3 B HOPHCYTCTBHH KHUCJAOT W OCHOBAaHUH, B NPHCYT-
CTBHU COEJIHHEHMH NEePeXOAHBbIX MeTaJN/I0B, MeX(ba3HbIH KaTanus), Tak
K KPYNHOTOHHAJKHBIM HPOMBIIIJIEHHbIM HpoLeccaM (KaTaJuTHYECKOe
rUJApHPOBAHHE H OKHCJEHHE, JerHApaTHPOBaHHe, KPEKHHT YIVIEBOAO-
POJOB, HOJHUMEPH3AUUA H JP.).

Crioco0bl M300pakeHuss mexaHusMoB peakunit. s uzobpawenus
X0/la XUMHYECKOH PeaKlMy MOXHO JOBOJBLCTBOBAThLCS HPOCTOH CXEMOH,
KOTOpas COAEPKHUT TOJBKO HCXOZHBIC BEIIECTBA M MPOLYKTH PEaKIHH,
MOXCHO YKa3aTb CTaTHYeCKHe 3JIeKTPOHHBIE CMEIUeHUA, dPHeKTUBHbIE
3apaApl, HEHOJS/TCHHbIE 3JEKTPOHHbIE MAPBI M, HAKOHEIl, MOXKHO J4Th
npejnosiaraeMplii MeXaHu3M peakuLUH C YKasaHueM AHHAMHYECKHX 3¢-
(eKTOB, T.e€. HCHUE3HOBEeHUA U 00pa30BaHUN CBsaA3ed, HepeMelleHHs
3JIEKTPOHHON MJIOTHOCTH (CBA3BIBAIOLICH 3JEKTPOHHOH naphl), o6paso-
BaHUA KOMILJIEKCOB B Pe3yJbTaTe JOHOPHO-aKLEHTOPHOTO B3aHMO/IEHCT-
BuA (KOMIUIEKCH C NEePeHOCOM 3apsiila, f-KoMmjieKkcel). Huxe npupeneH
PA HPUMEPOB OT mpocTefillell Jo Gojee CIOKHOH CXEMbl MeXaHH3-
Ma:

a) IpoCTble CXeME

CH,Cl4-Na+OH~ — CH,OH - Na*Cl~
O~-Na+t
#° !
RCY ‘LNa+QH=- —» RC—OH
NH

I
H

6) CXEMBI € YKa3aHHeM CTaTUYECKHUX 3JJeKTPOHHBIX CMeIneHId

s . T
C5H+;\—.C.l: 4+ 700 + Mat —— cHy—0H + NaT Foich
..6— :‘?“ Na+
A .
R 4 ioH 4 Nt — R—-C‘——_QH

7%



B) CXeMH! ¢ YKasaHHEM AMHAMHYCCKHX 3(eKToB

& _ & s + N R .
CH—Clt +30H + No* — Nfud — Sl 428+ Nt
+ -_oull e o’ N\ e
Na™ HO: " HO 71
; +8- 10 Nat
M,{;m - + 5+ Q ) .
R—C T H+ N — R—C7 . o R—C—OH
NH . g “iGH Na E

Yrtolp OTIMYHTE CTATHUCCRHE 3JEKTPOHHME CMEIIEHHUA OT AHHAMM-
YeCcKOro nepepacnpefie/leH:s SJIEKTPOHHOA NAOTHOCTH (NepeMemeHns
CBASKBAIOWESl SASKTPOHHONA NapH), Jna H3o0paskeHHs HOCAEAHEero pe-
KOMEHAYeTCs DPHMEHATh NMYHKTHPHHE H30CHYTHE CTPEJNKH.

Ilpy HanHcaHHM YypaBHeNHs PeaKHHH peardpyiolllHe YacTHUR che-
Ryer NMOMellaTe RPOCTPAHCTBERHO B TAKOH PEOMETPHH, KaKuM Npeuno-
J1araeTcA CTpPOeHHE HePeXOAHOro COCTOSHHSA.

TlpamMeHenne npepuIBHCTOR CTPESKH MOXHO nononnumwo HAMO-
CTPHPOBATL MPOCTHIMH NpHEMEpaMu:

o+ &~ &+ -LJ— -
R—X ~-—@ R-"—X —— Rt + x

(e]

c —C

: A

—C . CicC
B —
C

o=

C
——
C

0

BecbMa HarasaHO MOXKHEO W30GpasHTh REPHUMKAHTECKNE peakuuu,
rie. o6pa3oBaBye HOBLIX CBASEH H MCYE3HOBEHHE CTApHiX NPOHCXOAUT
cornacoBanuo (OAHOBPEMEHHO):

: '
~N
HC"| ?\CH: HCf CH,
S —_— l
HC CH, HC CH;
T2 AN
C (o]
H H

JonopHo-akuenTopioe ssauMoneficTeue M obpazoBanue xomn:rexca
¢ neperocom 3apana KII3 (n-xommaexca) msofpaxkaercs crpeaxoii:

. &+ 8-
D: + A F— Di—»A
‘KIi3

Hanpnuep, ofpasobanue KI13 mexny sTaseHoM H 6pOMOM:

CHz o+ CHa F, I
i + By =—= ﬂ—*sfﬁ
CH2 CH
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CxeMaTHUHO B3aRMOEHCTBYIONINE UEHTPH MOKHO OB03HAYHTL TPH
DOMOMIK BOMHHCTON CTPENKH, HANpHMEp:

e B 'b.'_' Na"'
o. L L]
+90 + &y | .
R—C TN 'Ol{-l-Na —»n-—-c [t 011 Net —s-n-——c—ou
H Sy 7
) H

3. B3AUMOCBSA3b MEXAY CTPOEHHEM
H PEAKHHOHHCH CIIOCOBHQCTHIO
OPTAHHUYECKHX COEAMHEHMAL.
KOPPEJIAUVIOHHHE YPABHEHHS

BsaumocBasp MEXAY peaKUHOHHON CIOCOGHOCTHIO H CTPOSHHEM Opra-
HHYECKHX COSAHMHEHMH B PEaKUHAX PASAHYHBIX THIOB ABAAETCH OHHM
U3 UEHTPANBHBIX BONPOCOB TeoperuyecKofi XumuH. PeakunoHdas cmo-
COBHOCTL XAPAKTePH3YeTCst KOHCTAHTAMH CKOPOCTH PEAKIMH K KOHCTaH-
TaMi PaBliOBeCHdA, B TOM YHCJE KOHCTAHTAMM KHUCJIOTHOCTH.
KolicranTh® KHCIOTHOCTH B SHAYHTEILHOH CTENEHH 3aBHCAT OT
CTPOCHHSA OPraHMYecKOR KHCIOTH H MOTYT OHTH HCHOJb30BAHBI LA Xa- .
PAKTEPHCTUKH BJAMAHMA PA3THYBHX 3aMecTHTeNeli Ha KHCIOTHOCTb.
B 9acTHOCTH, KOHCT2HTH KUCJJOTHOCTH HMCNOJBLAYIOTCA AN OLEHKH peaK-
UHOHHON CNOCOGHOCTH (YHKUHOHANABHBIX TPOHSBOAHMIX KapGOHOBEIX
KHCJIOT. .
Vpaenenne Fammera. JI. ammer umabGmopan, 94T0 KOHCTAHTH CKO-
POCTH peaKkuHM AJKHAUPOBAHHA CJIOKHHMH ShDHPaMM BO3PACTalOT NPH
YBeMYEHHH KHCAOTHOCTH COOTBETCTBYIOIEH KHCJIOTH. Hsyqa.nach
peaxuna RCOOCH,+- (CH3)sN—>RCOO~(CH,)uN*.
© =B 1985 r. ['ammer oGHapyKua, 910 CYUIECTBYET BSAHMOCBA3S MEKAY
KOHCTAHTAMHM DeaKHHOHHON CNOCOGHOCTH 4~ H N-3aMEINeHHHX NPOH3-
BOAHKIX G€H30JIa H KOHCTaHTaMH KHCAOTHOCTH COOTEBETCTBYIOIIUX M-
U 1-3aMelICHHbIX GH3OAHKX KHCAOT. JTa 3aBHCHMOCTL Obl12 BHpPaXKeHa
ypasHernnem (1937)

lgk=Igky+plg -}?(;.

rae K — KOHCTaHTa KUCJIQTHOCTH APOH3BORHOTO GeH2oHHOA KUCIOTH ¢
aaMecTHTeeM B (eH30HHOM LK/, & — KOHCTAHTA PeaKIHOHHOH cmo-
cOOHOCTH.. IPOUBBOAHOTO OeHsona; Ko, £y~— KOHCTAUTH ‘He3aMENlIeHHHIX
COEIMHERHI; @ — KOHCTANTa -peakKUHOHHOH cephH.

Ipu obGosnagenuu lg%=a noaywaeM  ypastenue  Iaumema
k
’8?0=90’~

310 ypaBHeHHUe OTpAXKaeT USMCHENNE BeTnyuHN gk ~lg k.,\wm |gk—°)

NPH BapHALMH 3aMeCTHTeNeH B OAHOTUIHLIX COERMHEHHAX. O HiMele-
HHE JIHHEiHO CBA3AHO C KOHCTAHTOA 3aMECTHTENS O H ¢ H3MCHOHHEeM
cBoGOAHOR SHEpPrau, HIH CBOOOAHON IHEPTHI AKTHBAMH Ppeakuuii.
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Kosictanti Fammeta. Vpasuenue ['amMmera COACpXHT ABe HOBHe
BeJIHYMELL — p ¥ 6. KOHCTanTa p XapaKTepHayer caMmy peaxiHio, Tl
peakUMH H TO3TOMY HasHIBAETCH KOHCMaumol peaxyuonHod cepuu.

KoHcraHTa © OTpaxaer BAHSHHE CTPOCHHA MoOJEKYAH — 3¢xpekt
TPYNNHPOBKH HIN JAMECTHTENA; O ABJSCTCA KOHCTAHTOH SaMecTHTens
n HasmBaeresa xoxcmanmot Iammema.

YTo6e NOAL30BAThC ypasHeHHem Iammera, HEOOXORMMO BHIOPATDH
HEKOTOPHIE CTAHAAPTHHE BEANYHHE. B KayecTBe CTaHAAPTHOTO 3aMECTH-
Tensa, Aas KoToporo ¢ NpHHsiTa paBHoA Bymo, I'ammer BuGpan atom
Bogopona. [ peakuHy MOHM3AUHY 3aMeleHHHX GeH30RHBIX KHCIOT
npuanManocs, 4ro p=1. Hexola us sroro, Guia noiyyeHa nepsas
WKaNa O-KOHCTAHT S3aMeCTHTeJEH.
© SKCIepUMEHTANLHO HaffeHHHEe 3aBUCHMOCTH MEXAY Ig 2 1 0 ofhu-

I
Ho H3oGpaxaioTcs rpaduyecky B KoOpAMHATAX &7 —O. Tanrenc yrna

HaKJOHA DPSMOR, NPOBElleHHoR uepes HaNACHHHIE 3KCIEPUMEHTANBHO
TOYKH, COOTBETCTBYCT KOHCTaHTe Q. )

st samectuTeneli B 0-, M- H A-NONOXKEHHUAX KOHCTAHTH Fammera
MMEIOT pasHhie YHC/IEHHLIE 3Ha4eHHA W flaxe pasHeie sHakn. Hanpuwmep,
ana rpymst OH 0,=+0,12, 0,=--0,37, ans rpyumt NH, ¢,=
=—0,16, 6,=—0,66, aas rpynnt NO, a,=+0,71, 0,=+0,78.

310 ABJEHHE MOXKHO MOHATH TOVIHKO IIPH PACCMOTPEHHH SNEKTPOH-
BEIX >dderToB samecTureneli. CpaBHeHHe 3Hayenufi KoHeraHT I'ammera
NOKasHBaerT, 9To 3HAK -+ Y KOHCTAHTH COOTBETCTRYET SJIEKTPOHOAKIEn-
TOPHLM CBOfiCTBAM 3aMECTHTeJS, 4 SHAK — COOTBETCTBYeT IEKTPOHO-
NOHOPHEM cBofieTBaM. UnCNeHHbte SHaueHMs MOTYT OEITH HCIOJIB30-
BaHH [/ CPaBHEHUS 3JIEKTPOHHBIX 3(xpeKTOB 3amecTuTenNed.

Koncrantsl [aMMera oTpaskalor CyMMapHEIA a3NeKTpoHHEN a(peKT sa-
MectuTeNs: {CyMMy a(peKTOB HHAYKTHBHOrO, ME3OMEPHOrO H NPOCTPaH-
CTBEHHOTO). B 0-, #- H B-TOJIOXEHUAX 3aMELICHHHX GeH30M0B BKNAX
avuX 3¢pdexros pasnuyeH. KoHCTaHTH @y yuuTHBAIOT B a{dekTH, B
TOM YMCJE H NPOCTPAHCTBEHHHEIH, NOGSTOMY OHH MaiA0 MPUMOAHH AAs
NPAKTAUECKOTO UCTIORb30BAHHA, TAK KAK NPOCTPAHCTBEHHLIR 0prito-9¢-
(eKT MeUsieTCA NpH Nepexoje OT OAHOH peakwWHnoNHoA Cepuu K Jpy-
rofi. :

G, B OCHOBHOM OTPaKaeT HBAYKTHBHHI 3ddeKT, a 0,~— CyMMy HH-
AYKTHRHOTO 3(iperTa H MezomepHoro afxbekTa. peKT HHAYKTHBRHLIHA
(3N1eKTPOHHElE CMEmEHUsi N0 O-CBN3AM) U ME30MEPHHI (3NeKTPOHHEE
CMEILEHHSA MO T-CBA3AM) MOFYT OBITH NPOTHBOIOJIORHE N0 HANPABACHHIO
(cv. Beex. 5). 310 oTUETNIHBO MPOABAACTCA B SHAYEHHAX O-KOHCTAHT
rpynn OH u NH,; nns #- u n-nosoxenni.

KoHeranTs peakinonnoii ceprn. KoneranTa peakuuonvo#f cepuu p
MOJKET HMETb KaK NOJIOKUTENbANE, TaK M OTPHHATCIbHEE 3HAYEHHA U B
OCHOBHOM MeHsieTcs B muTepBane or —4 no +-4. Ueu Goabiie guenien-
HOe 3HadeHHe p, TeM Gonee RAHHAS PEAKIHOHHASA CEPUS YYBCTBUTENb-
Ha K 3NIeKTPOHEHIM 3¢xpeKTaM samecTHTenei U TeM Gonee Npurogna ans
uayueHds 3dxpexToB 3aMecTHresell. 3HaK KOHCTaHTH YKasbiBaer, Ka-
KOro THIA 3JE€KTPOHHBIE adxpeKThl cnoCcoOCTBYIOT NPOTEKARMI0 PEaRLkH,
Ecan p>>0, pearuuio YCKOPSIOT NVIEKTPOHOAKIENTOPHHE 3eKTH 3a-
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Me;r:meﬁ, a npu <0 pearuuH cnocoGCTBYIOT 3MeKTPOHOAOHOPHEIE
KTHL.

Kouecrauthl T'ammera uMeror orpaHuuyeHtoe NPUMEHeHHe, TaK Kak
OHH X3paKTEPHSYIOT CyMMapHOE BAUAHHE 3(DDEKTOB MHAYKTHBHOIO H
ME30MEPHOIO, 4 Ha PEeaKUHMOHHYIO CNOCOGHOCIL 3TH 3(pexTH BAHSAIOT
[0-pasHOMY, OCOGEHHO IPH R-NCROMEHHH 3aMECTHTENA.

Koncrantl Famvera — Bpayna. HMsBecTHH peakium, y KoTOpBIX
OCOOEHHO CHNBHO NPORBAAETCA JEACTBHEE MeaoMepHoro sddekra, H
LO3TOMY HENPHrOAHE OOHIYHLIE KOHCTAHTH G,. O10 HafnioAaeTca b
cnyqanx, KOTAA HMEETCsl MONAPHOE CORPSIKEHHe MEXAY 3aMeCTHTEeNeM
H UEHTPOM PeaxmuH.

MNpumepom peaxuun, Ha TPOTEKAHHE KOTOPOi BAUACT NOMAPHOE CO-
NIpAXKEHKE EKTPOHOAKUENTOPHOrO 3aMECTHTENA € LEHTPOM peaKuu,
CAYXKHAT UOBH3ALMSA 71-3aMELeHNHX (PeHOJOB:

on o
S L SARE
K R

(smece ®R=NOQ,, COR1, C=N, Ni).

B atux cnydasx HeoOXOIHMO HOJL30BATRCS HOBLIMH YBelHYEH-
HEIMH KOHCTAHTAMH 3aMecTHTeNel R, TaK Ha3LIBAEMEIMM KOHCIMAHMAMU
NPAMO0 NOAAPHOO CONPANCEHUA G .

INpsMoe nonspHOe conpsixeHHe 3NEKTPOHOAOHOPHOTO 3aMECTHTENA
€ LEeHTPOM peakuHH [poABAAeTes, HanpuMep, B KapOGOKaTWOHAX:

+ CHs CeHs

e x c=ou
AT e
D b

(smecb D=O0R, SR, NR,}.
KoHCTaRTH NPAMOro MOMSPHOrO CONPSMEHUS MEKTPOHOAOHOPHOTO

samecTHTens [) ofosHauaores o,
KOHCTaHTEl 6~ W OF NPeNIOKHUIA H SKCIEPHUMEHTANLHO ONPENCIH-

- an Bpayn n Okamoro (1957). Tlo a6eonioTHOMY 3HaYeHHIO OHM 3HaYH-

TeNibHO Gosibile KoHCTaHT I'ammera a,; Hanpamep, paa rpynns NH,
c,=—0,66, a 6*=—1,3, aasa rpynnu NO, ¢,=-40,78, a 0~ =-1,27.

Koticrantm Tadra. 1 oUeHKM HHIYKTHBHOTO BNMSIHHS 3aMeCTH-
TeJe# B asmupavugeckom pagy P. Tadr paspaGoran Meroauky omnpe-
JeneHus HHAYKTHBHHX KOHETaHT o*. Jlas aroft ueau o uayyan
CKOPOCTh ruaponusa cnowaux abupoB X —COOR B Kucaoit n Ite-
J0YHON cpeNle H NOJAYUHN Psifi KOHCTaHT C* NS IPyankposBok X.
CoenureHneM cpaBHelns TadT BROpan yKCYCHYIO KHCAOTY, IAS KO-

Topo#t npuHaA oby,=0. Tapr Buumenun kosppunueHT ocnatneHus
un%ygerg‘auoro BIHSIHESI Yepe3 ONHH YrJepofHHifi aroM: O%cH, =
=Y, X

0% XapaKTepH3yeT BEJHYHRY H HaAnNpapJeHHe HHAYKTHBHOTO 3¢-
¢ekta SaAMECTHTeH. Hanpumep: of=+43,1; ot,y,=+0,6; o&u, =
= _'O)l; JcH 6= _0s3° . : -
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VYpasrenue 1aa koHcTantT Tadra umeer BuA ypabuenna [ammeray

lg - = po”
o .

MpoGaema pasgenenua aggexror samecTurenefi. Ina Gonee xoppexT-
HOTO MNPUMEHEHHA NPHHUMIA JIHHEHHEIX H3MEHCHHA CBOGOAMHIX SHEp-
T HEOGXORYUMO PasfenuTh 3(erTH 3amMecTuTeNlel Ha COCTABHHE Yyac.
TH (AHAYKTHBHLIA, MEIOMEPHHY, JNPOCTPAHCTBEHHMA) B Kamauil ad-
dexT xapakrepusosarh cBoefl XoilcTanTofi. OTYaCTH 3T0 MOXKHO che-
aate. IlosToMy B HacTosilee BpeMsl M3BECTHO MHOFO DPasiHUHHX KOH-
CTAHT 3aMmecTHTeeli, HanpuMep:

¢ — KoHcTaHTHl [amMMera

o+, ¢~ — KoHcranTe Tammera — Bpayna

0* — koHcTauTh Tadra

E; — KOHCTAaHTBl NPOCTPAHCTBEHHOrO0 REHACTBUR

0; — WHAYKTHBHBIE KOHCTaHTH JAAfA  TPOMSBOAHMX Gensoaa
{0,=0,16 o*) -

0, —— KOHCTaHTHl ANA XapaKTepHCTHKHM Me3somepHoro fxpekra aa-
mectureaa {(6,=o0—ac;) H Jp. .

B TaGn. 6 npuBefeHH 3HAUeHHA PasiHYHHX O-KOHCTAHT AAA He-
KOTopHX 3aMecTuTened. Halo oTMETHTB, YTO B pasHBIX MCTOYHHKAX
BCTPEYAlOTCA HECKOALKO PasiHyaiouinecs SHaUEHHus. - :

Tabauya 6. o-Konétanta 3amecrarenci

S‘m"' %y o cr; "o, o, o; o*
CH,' —0,17 | —0,31 | — | —0,07 | —0,14 0
gl 0.06 | —o, - 0,34 0.5 | o5 | 31 -
0,23 | —o0, — 037 | 02 0,47 | 2.68
o | g 3R ) 2E
s i e - Bl I R
5 , — 064! 0,315 0,3 | -
cN 065 | — |o8! o056 0,58 3,;2
NO, 07| — ltwl on 0.8 0,63 | 3.53

NMpaMenenne KOPPENALUMOBHIX YPABHEHHH. Y PaBHEHHS, CBASWBAIO-
mye KOHCTAHTEI peaKklUHOHHOH CHOCOGHOCTH WAW JDYTHe dH3HYeCKne
KOHCTaHTH ¢ Klqlﬂc'rangamn saMecTHTeNell, HA3LIBAIOT KOPPEAAYUORHINML
ypasresrusmu. Ilpocrefiniam us 1
ypasHesi p aKHX YPaRHEHMH ABIAeICA ypaBHeHHe

lNpuMensior koppeasauONHEIe YPABHERHA AN XAPAKTEPHCTHKH HO-
. BBIX PEAKIHOHHBIX cepuil, U3YUeHHS MEXAHHM3MOB peakuui, xapakre-

PUCTHKH 3JEKTPOHHHX 3{HeKTOB HOBBIX ATOMHBIX TPYMIHPOBOK, npej-
CKa3aHHA PeaKIHOHHOH CHOCOOHOCTH HOBBIX OPTAHHYECKHX coezm'neuuﬁ.
¢-KoHcTanThl 3amecTuTeneli cy:XaT NOMYKONHYECTBEHHOM MepoH ans
OUEHKH NMEKTPOHHRIX H APYTHX 9HeKTOB. . .
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8 KJACCHOHKALHS - :
M HOMEHKJIATYPA OPFAHHYECKHX COEJAMHEHHA

QcHoBHOl 3afadefl XiaccHPUKaiy H HOMEHKIATYPHl ABIALTCA CO3Aa-
HHe CUCTEMH A5 TIOAPA3ACACHHS OPraHHIECKHX COEIHHEHHA H HalIMEHO-
BaHHA UX; NPH 3TOM JOMKHO cOG/IIORATLCA COOTBETCTBUE MEXAY CHCTE-
MO HOMEHKJIATyPhl ¥ CYLIECTBYIOMIEH KaacCHUPHKaLEel.

1. KJACCMQHKAIJ,I/ISI

B ochoBe KnaccuUKALMM OPrauyecKHX coefuHenni OONYHO NexaT cy-
LECTBYIOULKE TEOPETHYECKHE NPeAcTaBneHns 00 06pasoBaHuM CcOe/MHe-
Huit H PACNONOXEHHH ATOMOB B Montexkyae. B pauHeM neprofe passutid
OpranMuecKO XMMHH He GLLIO HHKAKUX OCHOBHBIX NPHHUMIOB Ki1accH-
dwkauuu. HasBaHHA OpraHHMuecKuM BelleCTBaM JNaBalyuCh NO METORY
NONYYeHHA, HCXORHOMY CHIDBIO, BHEUIHHM NPUSHAKaM ¥ 3amaxy.

B nepiojl Teopuu paiuKanoB OpraHHYeCcKRe COSNMHERHS MOXHO B0
kAacCHQUIMPOBaTh N0 THNAM PajMKaCB, KOTOPHE BXONUIZ B HX MO-
NeKysH. YRATApKas TEOPHA Jana BOSMOXKHOCTD KJacCHpHuUupoBaTh op-
raHHYecKHe COENHHEHUS N0 HX THIIAM, HANPHMepP COCAHHEHHS THNA aM-
M}2Ka, HAH aMUHBI, COEAMHEHY THNA BOZL, WIH COKPTH H 5QHpPH, Ccoe-
ARHEHHS THIA METaHa, WJIH HACLIERHLIE YrACBROAOPOAH. .

Teopusi cTPOERKA Jala MPOYHYIO OCHOBY ANfl KJacCH(HKalWH op-
TaHHYecKuX CcOeAHHeRKH. MOXHO OBIO KAacCHQHIMpOBAThL RO onpene-
AEHHBM CTPYKTYPHEIM 3/EMEHTaM H 10 PaclioJOMEHHIO aTOMOB B MOJC-
kyne, BLM BMABMAYTH JIBa OCROBHHIX NPHHUKNA: JISNEHHE OpTaHuye-
CKHX COCHHHEHHI N0 PACNOAONCERUIO YeRePOORHX QMOMO8 8 MOteKYAe U
N0 XQPAKMEPHRUM CIPYKINYPHOIM INCMERMANM. : .

CTPYKTYPHNMH 3/eMEHTAMH FABJNIOTCS PasAMYHbie 3aMECTHTENH,
KOTOphie CBASAHH C YIrJICPOAHBMH aTOMaMH B YI/1eBONOPOAE, HAH THIM
cBfizefi B 1enn yraepofHuX aromoB. [lpensoxeHo ciaexyiomee Noj-
pasjenenne CTPYKTYPHEX 3JCMEHTOB! ,

'a) wedbynxumonanpuwe samecrurenu (F, Ci, Br, 1, NO, » Ip.);

6) pynxusonanbune rpynma (NH,, OH, SH, €=0, COOH u np:).

UYacto nx HaswBawr upocro ¢yskmmamu. Ilo Homenxnatype
HIOMAK cTpyKTypHuIE 3J1eMeHTH HaSHBAOTCA XapaKTepHCTHYCCKWMH
rpynnams.

B 3aBHCHMOCTH OT PACHONOXEHHA YPAECEPOAHHX
ATOMOB B MOJAEKYJ €& opraHnyecKue COeNUHEHHs fenaaTcs Ha
HeckoabKo OonpmHx rpynim. .

1. Coenunenus ¢ OTKPHTOR LENLIO ATOMOB YIIEPOA2 — auuKAudec-
Kite, WU aaudparnudecKue, coeOUHeRUR:

CH.CH; CH,CH/CHy CH4CH;CH,CH, CH,CH,CHCH,
_ ., _
CH,=CH; CH,CH=CH; CHyCH=CHCH; CHy=CH—CH=CH,
HC=CH CH =CH CHyC=CCH; HC=CCHy CH.CHs it 1. &
B HX TIPOM3BOANLE, COAePMKalHe pasanunke GYHKIHH,
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II. KapGoyusauueckue coedutenus ¢ UMKAAMH U3 YIAEPOJHMX aTo-
MOB:

a) aauguKrudeCKue COeQUNEHUS — PAINIHLIC LUKIHYECKHE YrJe-
BOIOPOAR M HX MPOUSBOAHKE C Pa3HOR BE/MYHMHOMN UMKAA H THCAOM
NHKAOB, ¥ Pa3HEIM TUCJOM IBOHHHIX CBSI3eff, KpOMe MLIeCTHYAEHHBIX
UUKJIOB C TpeMst ABOWMHEIMH CBR3AMH:

> > O O
o o 0 Qg

0O O O o

6) apomamudeckue Coedunenus, UM apeHsi, W HX TPOU3BOAHKE:
IUKJIHYecKue YIiteBOJOpONst H HX MPOM3BOJHEIE, KOTOPHEE MOCTPOEHE!
M3 IECTHUYJIEHHNX IUKAOB ¢ TPeMA IBOMHBIMH CBASSIMY:

0 oo 1)
(0 ij (LI e

Va4

1Y, Femepoqurnruseckue coedutienus U BX MPOH3IBOAHAIE: LMKAHYE-
CKHe COCAHHEHHs, UUKIN KOTOPHX NOCTPOCHHN He TOABKO H3 YIepoas
HHIX aTOMOB, HO COARpIKAT TaKxe rerepoartomut (O, N, S u ap.):

o0 X O
oW S W
0 Q W o

|
!
f
1
.

w ew  epm o

-Bropoit ocHOBHOW - MPBHUMI KAacCHOMKAUKM — A€M eHHe no
OGyugEuuaM (XapaKTEepPpHCTHYECKHUM Trpynnam).
B 3aBHCYMOCTH OT TOro, Kakas ()yHKLHsA BBEAEHa B MOJEKYJay yIJiepo-
IOpoAa BMECTO aToMa BOAOPOAE, MOJNYHaeM CeMeHCTBO OpraiuvecKnx
COAMHEHHR ONpefie/IeHHOro TUNA:

— rajoresnponzposxpte yraesogopogos RCl, RBr, Arl

— chupth ¥ denoam ROH, ArGH

/0

H
«— KeToHH R—(I‘i—R‘ -
0

— anpperuasl R—

/0
— KapGOHOBLe KHCAOTHI R—C<OH_ H T A

(anech R o6oaHagaer OCTaTOK YIVIEBOZ0POAA, T. €. YacTh MOJIEKYJH Ge3
aoxop?xﬁoro aToma, Ar — OCT2TOK apOMaTHNECKOro YIJIEBOZOPOAa,
apeHa).

d AHanoruyHbre COBAHHEHHA MOXKHO IONYIUTDL H3 I'eTEPOLMKJIHYECKHX
coeauiennit HetH: HetCl, HetOH, HetCOOH u . 1.

B ofuteM BHIE GCTATOK OPralHuecKoro COSRMHEHHs] MOXHO 0603Ha-

unth Org (opranni) wim R # #300pasutk, HanpuMep, BCe THAPOKCHIb-
Heie npousBogaue Kak OrgOH (uam ROH) n 1. g.

2, HOMEHK/JIATYPA

B Hauane pa3puTHA OPraRHYecKol XUMHH, KOT/la lte CYillecTBoBa"a Kaac-
CHHKAUMA, OPraHuyeckite COSAMHCHUS NOAYYATH CAyYaHusLie HasBa-
HHA . [0 HCTOYHMKY NOAYUCHHA (AUMOHHAS KHCAOTa, f0A09HAas KHCJO-
Ta), UBETY MM 3a0axy, pexe — MO XHMHUYeCKHM cBoficTBaM. Stn nas-
BaHHA B JaHHOE BPEeMA COCTaBNAIOT mpusuashyio (UCmopuseckyr)
HOMeRKAQmypy. Muorie Taxne Has3BalMg YacTo NpPiMeHdioTcd N B Ha-
IUM AHH, ¥ 3TO B HEKOTOPOI CTenely 3a1pyIHaer OCBOeHHE Kypca op-
raHuyecKofl XHMHH — HX HaJO NPOCTO BHYYHTHL l1au3ycTs. Hanpumep:
MOYEBHHA, TOAYOA, KCHAGA, WHAITO, YKCYcHasi KUCJAOTa, MacisiHas
KHC0TA, BATEplaHOBas KHCI0Ta, DALKOAL, ANAHIH U MHOTIIE APYrue.

YHuTapHasg TEOpHs CO37a/ia BOMOXKHOCTH O6)D230BaTh Ha3BaHHE
COeNHHeHUA MO CCOTBETCTBYwOWeMY Tuny. Hanpumep: Mernnamun, AR-
METH/IaMUi, TPHMETHAAMIH, METHIOBEIH CIIHPT, STHJIOBHI CRUPT, HpO-
nunoBbti coMpT. Takue HA3BAHHA COCTABSIOT PRUUOHAABHYID HO-
MeHKAGmypY. 3TH Ha3BaHus COJREPXAT Ha3BaHHE OCHOBHOTQ THNA I
HA3paHHA 3aMecTHTenell.

Teopus crpocuus A. M. Bytnepora fana cTporyio ocloBy Aas KJjac-
CHPUKAUUA B HOMCHKNATYPHl OPraHHUYeCKHX COSRHHEHMIl Mo CTPYKTYp-
HbIM 3/JEMEHTaM H NO PAclOJIOKEHHIO aTOMOB YIJIEPOLA B MOJEKYJe.
Oanaxo npofineMbl HOMEHK/IATYPH BCe XK€ OCTalOTCR AGCTATOYHO COXK-~
HeMil, HasBanne KaXXaoro opraHiuecKoro CoeaHHEeHHs JOMKHO Cojep-
XKarb NpaBHIbHHE HA3Bauus QyHKumA (3aMecTuTeNel) M OCHOBHOTO
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CKeNeTa YIJeBOJ0POAa, U JOMKHO ObITB TaKMM, YTOGHI MO Ha3BAHUIO
MOXHO OBIJIO HAaNHCAaTh EIHHCTBEHHYIO MPABHABHYIO CTPYKTYPHYIO
dopmyay. K coxkanenuio, 3afaua co3faHus HAea/bHON HOMEHKJIATYPHI
OCTajaCh HEPEeLeHHOH A0 HAaLIUX JHeH.

Crpem/eHHe CO30aTh €JHHYI0O XHMHYECKYI0 HOMEHKJIATYpy AJdd op-
raHHuecKnx coefHHeHuil Bo3HUKAO B 80-e roasl X1X B. 310 ocyiect-
Budoch B 1892 r. Ha MeRIYHApOIHOM Che3lle XHMHKOB B JKeHese.
Cobe3n yTBEpAMI TNPaBHAa HOMEHKJIATYPHI OPraHHYECKHX COeJUHEHHH,
KOTOpble ObL1H pa3pafoTaHbl MeXKAYHAPOAHOH KOMHCCHeH U npeacTaB-
JIEHHl CBe31y. OTH [paBlila BOHIIH B OPralHYecKyld XHMHIO [OJ, Has-
BAHUEM HHEHEBCKOS HOMEHKAQMYPA WIH TIPOCTO OPUUUANGHAA HOMEHKAA-
mypa. Hassarue «opuuianpHas» eft b0 ZaHO TOTOMY, YTO CYLLECT-
BOBAJIH U B HAUIM JHHU elle CYLIECTBYIOT HOMEHK/AATypa TPUBHAAbHAA H
pauHoHaJapHAs.

Ha ocnose »keneBckoil HOMEHKAATYPHI CO31aH W3BECTHLIH CIPaBOY-
oK DBeftnburreiina.

C poctoM ymena H THIOB OPTaHHYECKHX COEJMHEHHH HOMEHKJaTypa
BCE BpeMs OCMOXKHAETCA H IOABJAAIOTCH HOBbie npennoxeHusi. HoBbiil
HOMEHKAATyPHBIN che3f XUMUKOB cocrossicd B 1930 r. B JIbexe. Boltu
NPUHATLI AOMOMHKTE/NbHBIE IPABU/IA, OCHOBAHHEIE HA MPUHUHIAX YA0G-
CTBA M KPaTKOCTH.

B nocnegnne JecAATHAETHA YCOBEPLIGHCTBOBAHHEM HOMEHK/JATYPhI
OpraHiYecKuX COeAHHeHN 3aHHMaeTcs MexyHaponHBIl col03 TeopeTH-
ueckoif u npuknaanoit xumuu — MIOITAK (International Union of
Pure and Applied Chemistry — IUPAK). Cre3npt MIIOITAK 8 1957 u
B 1965 rr. pekoMmeHA0OBal® pa3paboTaHHYIO CIeNHaJbHON KOMHCCHEN
HOMEHKJIaTypy, Koropas HasbeiBaetrcsi Homeuxaamypoti HIOHAK. 3ra
HOMEHKJIaTypa WIHDOKO HCNOJAB3YETCS KaK B HayuHOR JHTepaType,
Tax H B yyeOHHKax. B 3To#l KHHre HCMOMB30BaHLI NPABUJIa HOMEHKJA-
typu MIOITAK *.

Marepuanst UIOTTAK ny6auxyiorcst Ha aHCAHACKOM sI3HKe, I03TO-
My [pH NepeBOfe HA APYTHE A3BIKH NPaBHa AOJ/DKHBI GHITh afanTHpo-
BaHLI K COOTBETCT3YIOUUM S3BIKOBEIM HOpMaMm. Ho 1np# 3TOM J0JKHBI
GBITh COXPAHEHbl NPUHLUKIL MEXKAYHAPOIHHIX TPaBul.

IIpasuna UIOTTAK pexomeHnyioT ans o0Opa3oBaHus HA3BaHUH He-
CKOJILKO MpPHHIUNOB. [lepBelii H3 HUX — NI PHHU U 3 aMelqe-
H 4 a1 . Ha ocHoge 31010 paspaborana saMecTuTesbHAA HOMEHKAATYpA.
Bropoit npusunn —ucnoab3o0BaHUeE OLHUHAKOBEHX
GyHRKUHHE (XapaKTePHCTHUCCKUX TPYIN) U YT A E€BOJA 0P O A-
HBLX OCTAaTKOB (3aMmecTHTeseli, pagukanos). [Tosromy oxa Ha-
3BIBAETCH PpafiHKanibHO-PYHKIKHOHANBHON HOMEHKJIaTypoH.

Kpome storo, MIOITAK paspaGorana crneuuasnbHas HOMeHKJATypa
KapOOUHKAHYeCKHX 1 TeTePOLKKIHYECKHX COeJHHEeHUI .

TlpuBenem HECKOJABKO OCHOBHBIX NMPABMJ 3aMECTHTENbHOH HOMeHK/a-

TYpHI.

* Homenxnarypuste npasuia HKOMAK no xumuu. T. 2. Oprauuveckad xu-
musa. M., BUHHUTH, 1979; T. 3. Oprannuecxaa xumus, BricOXOMOAeKYAspIbic
coeanuennsi, M., BUHHWUTH, 1983,

84

1. B ocHOBe Ha3DAHUA JEKHT POJOHauYa/bHas CTPYKTYpa (rjaBnas
Helb aUMKJAHYEeCKOH MOJIEKYJbl, LHK/JAHYecKas WM [eTepolUKHYecKasn
cricreMa).

2. XapaktepucTHUeCKHe TPYIIbI K 3aMeCTHTeNU (CTPYKTYPHEIE dile-
MeHTH) ofosHaualoTca OpeduxcamMu H cyddurcami.

3. AToMBI pojloHAaYaNbHON CTPYKTYPHl Hymepyiotcs oT 1 1o n, 3TH
HOMepa HasbIBAIOTCA JOKAHTAMH.

4. XapaxTepucTuyecKue Ipynnbl NOAPAs/eNsOTCs N0 CTAPLIHHCTBRY,
HanpUMep TPYIIbL

PN
— COOH, —SO;H, —COOR, —CONH,, —C=N, —C\H’ /C:O,

—OH, —SH, —OOH, —NH,

NE[SYMCAEHBl B NOPSAJKE YMEHBIIAIOIErocs CTapUIHHCTBA.

B Ha3BaHue B KauecTBe CY(xDUKCOB BKJ/IOYAIOT 0003HAYEHHS ABOMi-
HBIX M TPOHHBIX CBfA3el W TJIABHYIO (CTApIIYIO) XapaKTePHCTHYECKYIO
TpyMNNy, OcTalbHblE XapaKTePHCTHYECKHE TPYINbLI HasbiBAOT B NpedHK-
cax B aadaButHoM mopsaaxe. HyMepauuio HayHHAOT ¢ TOro KoHua yr-
NepoJHOH lenu, K KotopoMy OiiKe Dacro/oXeHa cTapiias Xapakre-
pucriyeckas rpynna. Hanpuwmep:

o

H

6 5 4 3 2 1

CHy—CH—CH—CH=C—C”
| | | A
OH CH, Br

2-6p0M-5-rnnpoxcu-4-Me'r14.715_rexc§eﬂ-2-§a.7xb

paMeCTHTEJH M XapaKTepPHUCTHUYECKHE TPYNnkH ‘EKODEIthcbe?MK“CE cyd-
B aabaBNTHOM NOpsAKe i (rs1aB- | ABOIHONM | ke

{ Hasm | cBA3M | CTap-
P ouens) : i weit
H H §Cpynik



YACTb NEPBASR |
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Taaea 1. AJTKAHBI

HauGosee npocTsiMH OPraHHYeCKHMH COSIUHEHMAMH SBJISIOTCH yrae-
BOIOPOJH, TAK KAK HX MONEKY/H COREPIKAT TONBKO YINIEPOLHEE ¥ BO-
FOPOAHHE ATOMH. YIVIEBOJOPONE PA3NHYAKOTCA YHC/AOM ATOMOB YIJe-
pona, HaaWYMeM NPOCTHIX, ABOAHEIX H TPOHHLIX CBA3EH M NMOC/AEIOBa-
TeAbHOCTHIO COEAMIICHAS YIVIEPOJHBIX aTOMOB (UENb MM LHKA).
KOBZ;;I:::;:;;)?BH%C OTKDHITOH LENbIO, COAePIKallde TOMLKO NPOCTHIR
H, HASBIBAIOT HACOLULUEHHLIMUL eAe8030p00ax
napadunanu, no Homeuxaarype MIOTTAK —Mgamu. “
CameM MpoCTHIM afnKaHoM aBisercss Meran CH,. Hpyrue ankasb
MOXXHO PacCMATPUBATh KaK 06pa20BaHHBIE W3 METaHa BBEJCHHEM OLHO
Wi Gonee MeTHIeHOBHX rpynn CH, MeXAy yriepofHEM B BOXOPOJHDL-
Mu aToMaMu MeraHa. OGmas ¢opmyna ankanos C,H,,,,.

1. USOMEPHUSI 1 HOMEHKJIATYPA

ANKaHH MOTYT HMETH HEPASBETBAEHHYIO LENb YINEPOIHHX ATOMOB (aop-
MAa/IbHBIE ANKAHBI, H-2/IKAHE]) H PA3BETBACHHYK (H302NKAHH, pPasBeTB-
JEHHBIE ANKaHbBI). '

Ecau pacnonouTh K-aiKaHH B PSfl, B KOTOPOM MOJEKY/IA KaKIOro
HOCIECAYIOWET0 ANTKAaHA YATHRSieTcA ®a ofny rpynny CH,, noayuutes
PAR, Ha3HIBAEMHII 20M0M02u4eckum padom: NepBbe WieHH psapa (C,—C,)
HMeIT TpHBHANBHEIE MasBaHuA. Haspanusi ocranbHeX raModoros of-
PasoBanbl OT rpedeckHX M NAaTHHCKHX YHCAMTeNbHuX. Cnpasa npupe-
JeHO COKpallleHHoe H3ofpaxkeHne dopMyn:

CH, MeTad

CH4CH, 8TaH —

CHCH,CH, npoman /N
CH4CHCH,CH; G6ytaun SN\
CHsCHgCHgCH .C Hs ne”dTan /\/\
CH3CH,CH,CH,CH.CHj{ Tekcan N\ /\/
CH,yCH,;CH,CH,CH,CH,CH;4 rentai /N /\./\
CH3CH,CHCH,CH,CH,CH,CH3 okTaL NN\, \/
CH;CH,;CH;CH,CH,CH,CH,CH,CH, HoraH  /N\/\./\./\

CHaC ch H-;CH:CH;CH 2CH2CH3CH zC H, AeKaH /\/\/z\/\/
86—.

Haquuas ¢ 6yTana, BO3MOXHA u30Mepus ankanos. Hzomepamn Haan-
BAKOT COGNMHEHHS, HMEIOLIME OAUHAKOBYIO MONERYAPHYIO dopumyay, HO
PA3HYAIONIHECS NOPALKOM CBA3EH ATOMOB WIH PACTIONOMEHHEM ATO-
MOB B npocTpanctee. Msomepst, pasnnyaioiiuecs NocieA0BaTeNbHOCTEIO
COSJIMHEHHS aTOMOB B MOJIEKYJIe, HA3RIBAIOT CHIPYKINYDHOMU USOMEPAMIL.
Hanpumep:

CHj

CH.CH,CH,CHs mwm A~ CH—C—CH; wmt ,'\

' H
Syran Mobyran  (2-meritmponan)

Yueno CTPYKTYPHBIX K30MEpPOB ankaHoB GEHICTPO pacTeT ¢ YBEHYe-
BHEeM uHeA2 yraepopuux atoMoB. Tak, mentan CsHi; uMeer tpu mso-
Mepa, remran C,Hi, — 9, okran CyH;s — 18, gexan CiiHqp — 75,
nozekan Cy.H g — 355, afikosan CaoH,;— 366 319, rexran CrooH 02 —
okoac 5,921-10%, _

Yucao U30MEPOB aNKAHOB €IIE YBEAHYHBACTCHA 3a CHET BOIMOMHBLIX
CTEPEOH3OMEPOB (M30MEPOB, Pas/HYAIOIIHXCA TOJBKC PacnONOXeHHeM
atomos B npocrpancrse). Haunnan ¢ C;H,e, BO3MOXHO CylIeCTBOBAHHE
XHpaAbHBIX MOJEKYJ, KoTOophie ofpasyloT jsa 3HaHTHOMEpa (CM.
Beeg. 6.12). Tak, u3 AeRHTH renTaiioB AB2 ABAAKTCA XHPANBHLIMH.

Homenknatypa pasBerBiaerHbix aikaHoB (MIOTIAK) ocHoBana Ha
CASAYIOMMX TPaBUJIax: _ '

a{ BHIOHPaIOT HaufoJee AMHHHYI0 Hepa3BeTB/ACHHY0 lenb, HasBa-
HIE KOTOPOH COCTaBJSET OCHOBY (KODERD);

6) pasBeTBJIEHNS] Ha3bIBAKT B KauecTe 3amecTHTenedt (rpynm, pa-
AMKANOB), NIPH 5TOM YIJIEPOJIHbIE ATOMEI HEPA3BETBJACHHOH LENH HYyMe-
PYIOT O NPHHUYNY HaHMeHBIIHX JIOKAHTOB:

] 2 3 4 5 6
CH;—CH—CH—-CH;—~CH—CH,
]
CHs (!Hs éHs

2, 3, S-TpANETHATEKCAH
{no we 2, 4, 5-TpHNETHArEKCAH)

Hanuuue BecKOABKUX OAMHAKOBEIX 3aMecTHTENEl ofo3Hauaercs CO-

OTBETCTBEHHQ TpedeCKHMH YHCJAHTEALHBIMH. AH-, TPH-, TETPpa-, NEHTa-

H T. A.
Ecnu B MOEKYJe anKaHa WMEKOTCA pa3nuvHbie 3amectareny (Goko-

Bhie lLienH), OTIHYAIOIIKECA YHCJOM YIVIEDORHBIX ATOMOB H CTENEHBIO
Pa3BeTBIEHNA, TO B HA3BAHHH aNKaHA 9TH 3GMECTHTENM MEePeuncasioT

B Hopsake aadapuTa:

. CHs
i 2 3 4 |s [ 7 8 9
CH;,—CH—CH,—(}H —C —CH,—CHs—CH;—~CH,4
|
Hj; CHa SJH

] AN
CH; CH, CH,
5- usonpaonyu n- 2, 5-ARMeTHN-4-3THANOHAN

&



B 3aBHCHMOCTH OT YHCJIa APYTUX YIJIEPORHEIX 4TOMOB, ¢ KOTOPEIMH
HENOCPEACTBEHHO CBA3aH PACCMATPHUBAaeMBIfi YI/IEPOAHbIL aTOM Moge-
KYABl, Pa3/HYaioT NEPRHYUHBLIE, BTOPHUHHE, TPETHIHHE H YETBEPTHIHHIE
YIJCpORHEIE ATOMbL: '

CHs CH;

CH; = CHy = C == C ——CH,

NN

Y= PTOPHY=  TheTHMR- 2
m ALK m‘ THY AR

Tpu OTHATHY OT MOJEKYJH 41KAHA GJIHOrO BOAOPORHOTre aToMa (fop-

MaJbHO) TONydaeM OcCTAaToOK ankasa: R—HIER.

OO6UHG €r0 HA3BBANT askusvHoll 2pynnod (aMKHIBLHBIM 3aMeCTH-
‘TesieM), BCTPEUAeTCA TAKKe Has3BaRue qakuavubill peduxaa. Ilocmexmaec
HA3BaHKe WHOLJa MyTaloT ¢ 0003HaYeHNeM, OTHOCAIHMCA K aKTHBHBIM
YaCTHUAM — CBOGOJHLIM ANKHABHLIM palHKAAaM.

Haspauus 2JKHIBHEX OCTATKOB (aAKHJBUNX IPynm) ofpasyior 13
Ha3BaHHil COOTBETCTBYIOUIUX AAKAaHOB 3aMellenneM cyddiikca -ax Ha
-un:

CHz;— MeTHA
CH,CH; — 9TH
CH,;CH,CH;— nponRJ
CH;
SCH— H30MPOTRA (8M10p-OPONHA)
cH,y”

CH,CH,CH,CHs— 6yTita )
CH;—CH—~CHp— H306yTHR

CH,
CH; —CH,;—CH — smop-6yTun
Hy
CHas\
CH3—=C — mpem-6yTHA
CH3”

Jna nasBads pa3BeTBAeHHMX ANKHIbHHX IPYIN HCHOAL3YIOT TaK-
e HyMepaLHuio LeMmu:

4 3 2 1 5 4 3 - 2 1
CH3—CH;—CH—CH;— CH;—~CH;—CH—~CH;—CH,—
|
Hj CH,

2-MeTHAOYTUA d.merunneHTn

Haspanus YIJCBOAOPOAOB JIEXKAT B OCHOBE HE TOMLKO HA3BAHHH

aNKUNBHHX OCTAaTKOB (aIKHABLHEIX FPYNN), HO H Ha3BAHUH Pa3NTHYMKX -

qacTHI, Oﬁp&SYIOLI.lHXCﬂ 8 peakuuax,— HOHOB H CBOGOHHHX PAaAHKATOB.
Hmeiorea TPY BOSMOMKHOCTH OTIIEMIEHHR BOXOPORA OT MONEKYIH 2.1
KaHa.
. 1. Tlpu romoauthyeckoM pacmenaennn cpasi C—H o6pasyercs
CBOBOAHE AAKHABHEI PafivKal, YacTHIIA ¢ HECTAPEIHBIM SMEKTPOHOM,

8

o o~

v,
¥
¥

OBBLIYHO HA3KBAEMAR ANKUALHBIM pafHKanoM Han ankuaom. Hanpumep,
CH,- — meTuabHblfl pagdkan, WIH METHA:

R:H —-»R-'-]-H'

2. pn rereponutuueckoM paciiensenun ¢sssu C—H moxer ofpa-
30BaThCA KATHOH, a BOJKOPOA YXOIMT B BHAE MHAPHER-HOHA. O6pasyerca
Kapbokamuon, UAn aaxus-xamuox, Hanpumep CHF — MmeTui-KaTHOH:

R:H—R*+4H:-

3. MNpu rerepoautngeckom pacinennenun cessn C—H moxer ob-
Pa30BaTHCA AHMOH, a BOAOPOA YXOAWT B BuAe npoToHa R : H»R:~+
+H*. Obpasyerca xapOaruon, WAH AAKUA-GRUOK, ANKAHWA-HOH, Ha-
apumep :CHj — Meru.n-aHHOH.

ANKHA-KaTHOHH SBASAIOTCA OYEHb CHABHLIMH 3MeKTPOGOHIbHBIME
peareHTaMH, 4 AMKHJI-aHHOHBI — OYeHb CHJBLHHIMH HYKJIEODUIbHBIMH
peareHTaMHu.

TIpH OTHATHH OT MOJIEKYJIH ANTKaHA BY X aTOMOB BOAOpoAa (bopMann.
RO) MONMy4aT ABYyXBaleHTHHe ocTaTKH. KX HasBauus obpasyior, J0-
G6aBasisi K HA3BaHHAM COOTBETCTBYIOUIMX OJHOBANEHTHHIX -pajHKaIoB
cydpurc -ex nau -uden (ecnu obe cpofofHBIE CBA3H HaXOAATCS ¥ Of-
HOFO aToMa yTi1epoza):

CH, :ﬁ CH2< MCTHJICH.
~CHsCH { STHARAEH-
CH3CH; — N .o
-»— CH,CH, — STHJECH-
-)-CHSCH’CH< npon"allnen‘
|
CH,CH,CH, — > CH;CI:CH:; Hsonpomm‘l:t Rew-
1, 2-npounsen-

- CH;CHCH,—
! .

~+— CH,CH;CHz; — 1, 3-nponnen-

IpyxBaneHTHEIM ocTaTKaM (OPMAABHO COOTBETCTBYIOT BCTpedaio-
I{HECA B PeaKUHsX aKTHBHHE 9acTHUN — Gupaduxaatt (YaCTHUH ¢ ABY-
M5 HeCHAPEHHHLIMH SaeKTpoHamu). Ecnn o6a snekTpoHa Haxopsares y
OHOTO 2TOMa Yraepona, GupajuKanbl HA3LIBAIOTCA KApOeHamMu:

«CH; KapOen, HAH MeTH/EH
:CHCH, MetuaxkapGeHn, WAH STHAHAEH
CH,
</ AEMETHAKAPGeH, HIH HIONPONHAHACH

“\CH;

2, NIPHPOAHLIE UCTOYHHKH I METOJAB! TIQJNYUYEHHS

1. Heptb W apupoanmii ras. TaaBHHIME HCTOYHHKAMH aAKAHOB SABAS-
10TCH HeTh U NPUPOAHLIN Ia3, COCTOALMA 3 METaHa ¢ HeGOMbILOH pH-
Mechlo 9TaHa, Aponana M Gyrana. Ha npoaykroe mepepaBoTkn eedmi
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NONYYaT pasidyHbie CMeCH auKaHOB. PPaKHHOHHOH NeperoHkKoii
GeH3MHOBOH (PPAKUHH HEPTH MOXHO IOJYYHTb MHAMBHAYadbHbIE alKa-
Hel (M. ra. 1.5).

2. TuppupoBanue yras. I'mapuposanue (oGoramieHue BOROPOAOM)
KaMeHHOro Uiy 6yporo yr/is IPOHCXOAUT MO JeHCTBHEM BOAOPOAA TOMb-
KO B TPUCYTCTBUHM KaranusaTopa (OKCHIBl U cyJabduAb MOJHGAEHA,
Bo/b(ppava, HHMKeNA) M TPH BBICOKHX TeMmneparypax (450—470 °C).
[Ipouecc nposoasiT B crenualbHBIX PeaKTOPax — aBTOKJAABAX, BLIAEP-
xuBaowWUx Aasienue 1o 30 MIla (300 atm). ¥Yroab u kaTanusatop pac-
THPAIOT B TOHKHH NOPOLIOK M CYCNEHAUPYIOT B OPraHUYECKOM pacTBO-
putene (npoayxTax nepepaGotku HedrH). CMech HArpeBalOT H B 4BTO-
K1aB BBOAAT Bofiopoa (®. Bepruyc, 1925). Aror npouecc yacTo HaskIBa-
IOT Mermodom cocudcenus yeas. B pesyssrare nosyyaor cMech pasaudHEIX
alKaHOB H LHK/OAJKAHOB, KOTOPbIE HCIOJb3YIOTCS B KAYECTBE MOTOP-
HOTO TOILTHEA.

3. Merop dumepa — Tponmwa. Karaautuueckoe ruapupoBasne
CO; u CO ofplHO AaeT MeTaH. B kKauecTme KaTaln3atopa UCTONb3YIOT
nukenn (1. Cabatee, M. Canpnepan, 1902): :
coz+4H24—0I\“—» CH,+2H,0

o

300 °C
CO -+ 3H; — — CH,+ H,0

KarannTuueckoe ruapuposanue CO MOXKET NpoTekarh T0-pasHoMy,
B 3aBUCHMOCTH OT NPHUMEHSIEMOr0O KaTaau3aTopa U TeMrneparyphl. B npu-
CYTCTBHH KaTasliM3atopa, COepsKallero KoGaibT UM KeNe30, NPH TeM-
neparype 180- - -300 °C cmecr, CO u H, pearupyer ¢ o6pasopanuen asn-
kaHoB. B ocHoBHOM 00pasylotcsl aJiKaHel HEPa3BeTBJEHHEIE H ¢ HEGO/ b=
woit mosexkynsipuoi maccoit (P. Pumep, X. Tpomm, 1913—1926):

290 °C
CO-+-2H, ~7. Anxanu

B nocaenyiotiue roasl METOA Gbi/l YCOBEPIIEHCTBOBAH : H3MEHEHS! KaTasll-
3aTop, TewmmnepaTypa peakuun u jasnenue (®. duumep, X. [uxgaep,
1936—1941). , ,
B nacrosmee spemsa merogom ®uwepa — Tpomma MOryT 6HIThH No-
Jiyuenbl KaK MOTOpPHbIE TOIIHBA, TaK U OTAEALHHIC YIJIEBOAOPOALI (-
KaHBl, LMKAOANKaNEl, apeHbl). MexalnusMm peakuuu caosken. B ocHope
peaknuu Jiexut copbiiist CO Ha NOBEPXHOCTH KAaTaausatopa, B pe-
3yJbTaTe Yero Ha NMoBEePXHOCTH o6pasyiorcea KapOoHuabl KobannTa. Bo-
JIOPOA NPHCOCANHACTCA K COPOUPOBAHHOMY OKCHIY yrJiepoja, obpasyst
CBsSI3aHHbIE C NOBEPXIIOCTbIO KaTasnusatopa Kapben :CH, W MeTHALHEL
pagukan -CHj;. KapGen moxer BREeApATLCHA 1o cBsisn Co—CH,, urto
NPUBOAMT K PCCTY YIJIEPOXHOH LEnyd, KaK 3TO NOKA3aHO Ha CXeMe:

CcO Co CcO o CH, CO CO H, CHl, CHo» CO
7 —H:0 7“ ~H:0 -
KaTaanaatop ‘

Hz CH]"'— ng CH_!

—_—
“H,0 |
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B KkauecTBe NOGOMHBIX NMPOAYKTOB MOTYT 00pas’oBaThCsl KUCAOPOI-
cofiepKaiiue COeAHHeHUsA (CMUPTHI, AMbACTHb).

4. JlaGopaTopHbie METONbI MOJydeHHA. a) P earu u A MerTai-
JOpPraHMyYecKHXx COeJUHEHHH C BOJOHN. Coenu-
HCHHSI, COfepMKalle CBf3b METall — yrJepox, B OO/BIIMHCTBE CJY-
YaeB JIerKo pearupyloT ¢ BOjoii, o6pasys yraesofopoasi. Pacemorpum
HauGonee TPOCTOH ciyuail — peakuuio KapGujoB:

AL,Cy 4 12H,0 —» 3CH, +4Al(OH)s

CaC,, SrC, u BaC, B peakuuu ¢ Bojoii 00pasyloT aUeTH/eH (cMm.
ra. 1V.2). Kap6umsl Fe;C u Ni,C B peakuuu ¢ KHCJI0TaMHu 00pasyior
CMeCH YTJIEBOZOPOROB. MeXaHH3M peakuuH pPaccMOTpeH B TJ. X.A.

6) Peakunus raJoreHankaHoB ¢ HaTpHEM.
TanoreHafkaHsl JErko pearHpyioT ¢ HaTpuem (elie Jierde ¢ Kajauem),
o6pasys XJopuj Hatpusa u yraesofopox (A. Biopy, 1855):

9R —Br-4-2Na —» R —R 4-2Na+Br- | i
3R —Br-+-3R'—Br+6Na — R—R-4R—R’+4-R'—R’--6Na*Br

MexanuaM peakuuu Bropua usnoxed na c. 229.

B) dnekTpoauns coneli KapOOHOBBX KHCJAOT.
[Ipu snexkTpoan3e BOAHBIX PAcTBOPOB cojiell KapOOHOBLIX KHCJOT Ha
anoge Boyesserca CO, M ofpasyiorcs ankanbi., Peakiuio  OTKPBUI
A. Konbée B 1849 1. )

B sroii peaknuyu (3nektpocunte3 KompGe) anuon KapGoHOBOH knc-
JIOTEl Ha aHOZE OTAACT 3JEKTPOH (OKHCIAeTCs), oﬁpuasyﬂ CBOﬁO,ILI:IbIH pa-
nuKan, xotopwili pasiaraercss na CO, n cBo0OAUBIH aJNKHILHBIN Pajly-
Kan:

/O
2RCOO - —2¢~ — 2R _c<o —» 2R--+2CO;
N L]
AJKHIBHBIE PAAHKAIb! CBA3aHbl C TIOBEPXHOCTHIO aHOAA H Tam AUMEpH-
3YIOTCH:
2R —R—R _

r) Jexap6okcuaupobanue KapOOHOBH X KHC-
g oT. Ilpu narpepanuu coseli KAPOOHOBLIX KHCJIOT B IPUCYTCTBUH L1~
noueil npu Temnepatype 250—300 °C npoucxoJuT pasnoxeHue H Bbl-
Jlensercs ajKad.

R —COO-Na+ --NaOH 5 R —H -+ Na,COy

B a10ii peakuuu obpasyerca Takme CO,, KOTOPLIH CBA3LIBALTCS e~
nounio. Otiuenaenie or MoJekyasl CO, HaspiBaeTcs JeKapOOKCHINPO-
BaHHeM. Peaklys MCIoJb3yeTcsl OOBIYHO AJjd NOJYYEHHA HHUSMHX at-
KaHOB — MeTalla, 3TaHa. _ _

) Peakxuuuy rulpupoOBaHHA H BOCCTAaHOBJE-
HMA OpranHyecKuX COEJHUHEHHH Asganel nony-
YAOTCA NPH KaTalUTHYECKOM THIPHPOBaHHM aJKeHOB (em. 1. 11.4)
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u aakutos (cu. ra. IV.4), vanpusep:
Hy/Ni
RCH=CH;—— RCH,CH,

Boccranonnenne ransorenyraesonopouos (r. VII4.1), anbaernzos
# xeToHOB (ra. XXV1IA.3) rakme npusomur x agxanam.

3. ®H3UYECKHE CBOHCTBA U CTPOEHHE

AJkaHbl npencTaBafoT co6oll GecuperHbie BEIECTBA, B OSHIYHBIX Y-
JIOBHAX razoo0pasHue HAH XKURKHE. ANKAHL ¢ BOALIIMM YlcToM yrie-
PO-HBIX ATOMOB ABAAIOTCH TBEPALIMH BeIECTBaMH. MHOTHE IKiuKume
ATKAHE HMEIOT CN1abbll xapaxTepHuifi «GeusuHoBWil> 3amax. Aaxamsr
HAMHOrO JIerye BOJHI.

Ins passerBAeHHBIX aaKaHOB Xapaktepua §onee HH3KaA TeMnepa-
TYpa Kunedus (ra6n. 7), 4eM 114 K-ajlKaHoB ¢ TaKHM JK& YHCIOM yrae-

Tadauya 7, Temnepatypa naasfieHns, Kunenus u naoTHOCTH HEKOTOPNIX A1KAHOB

Anxan T. an., °C T. K&, °C . d:‘)
CH, —182,5 —161,6 0,436 (npu —176°C)
CH;CH, —183,3 . —88,6 0,561 (npn —100°C)
CH,CH,CH, - —187,7 —42.1 0,501 (moz naen.)
CHaCHgCHgCHs —138,4 —0,5 0,573 mpn —25"C)
CHsﬁZHCHs —159,6 —11,7 0,551 }npu —25°C)
CHs _ '
CH3CH,CH,CH,CH, —129,7 36,1 0,626
CHS?HCHzCHs : —159,9 27,8 0,620
CHj
CH,
CHs—(IE—CHs —16,6 9,5 0,591 (noa xasx)
CH;
#-CsHy, —094,0 68,7 0,660
5-CgHyy —56,8 125,7 0,702
8-CyoHya -29,7 174,0 0,730

POAHHEIX aTOMOB. Haoﬁopo-r, TeMne
Pa3BETBAECHHEX AMKAHOB, OCOGEHIIO
CTPYKTYPOH MoNIeKyAr (Hanpumep,

paMeTnaGyTan),

PaTypa MJIaB/JeHHR] BHIUE ¥ CHALHO
y coeauHeHMEt ¢ mapoobpasioii
2,2-pumernanponan, 2,2,3,3-1er-

0 DPOCTPAHCTBEHHOM CTPOSHUHH aNKAHOB MOKHO CYAHTDH NO NaHHRIM

PEHTFEHOCTPYKTYPHOTO aHalusa M SAeKTp
Ha mpescrapaser cofofi TeTpasap,
BOAOpoAHEIE aroMbl. CooTBETCTBYION,

oHorpadud. Monekyaa mera-
B BEPIIMHAX KOTOPOro Haxogares
He YTAbl MEXIY CBA3AMH SBARIOTCH

TETPASAPHYECKHMH H paBHB 109°28". Mosexyanl #-a/Kkanos ¢ 60:1blum
UHC/IOM YTIEPOIHKX aTOMOB UMEIOT SHTSAarOOOPASHOE CTPOSHHE, npii
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3TOM YIVIEPOIHBIE ATOMBI HAXOHATCH, C HeGOMBLIIMU OTKJAOHEHHAMH, B

OJHOM NAOCKOCTH:

H HH H
VANV 4

H . N
0,109 1m¢ C 04547!{
] NG \czék,m,”c

c o,
-— Ve '~
H gt ) f w’l \Nu
H H H H
0,254 mu ‘

Bouue npusejena xomgueypayus Monexyn ankauos. Koudurypa-
Luedl HasKBAKT PaclofokKeHHe B NPOCTPAHCTBE aTOMOB MOJEKYJIB OM-
peneneHHofl CTPYKTYPH! 6e3 yduera pasiHyui, BOSHHKAIOWHUX TONBKO
TIOC/IE BPAIeHHA BOKPYT OAHONR HAH HECKONbKHMX OpAMHAPHBIX CBAZEH.

Anxann Moryt Obith XxupaabHeiMu (cM. Been. 6.12), nanpumep
3-MeTHATEKCAH COREPMHT aCHMMETPHUYECKHH aTOM YI/IEPOAA C YeThiPhb-
MA PasHYMBIMH 3aMECTHTENAMM:

i T
I .
C c\\
H-"/ “CHCH, cacny” \H
CHCH;CH, CH;CH.CHy

SrumTHOMepl (JtpRaNBHLIe HIOMEDAI)

Te e COGAUHEHHA NPH PACCMOTPEHHH B HaNpapleHHn cBasH C—H:
™ iﬂa
CH.CH,CH, ¢ ?\CHzCH: CHCH; | W CH.CH,CH;
. i

H
£-3-memumexcan

Kaxcauit 3HauTHOMED HMeeT CBOIO alcoaomuglo Kosduaypayuio
MOJIEKYAH, T.e. MPOCTPAHCTBEHHOES DPACMONONKEHHE 3amecm're:|0§g BO-
Kpyr XMpansHoOro sfieMenra. HMeercd chnemuanbHan CHCTEMa 3Ha~
4yeHuA afCOMOTHBIX Kompnrypa\l;;rlﬁ gﬂaﬂmomepoa. R, S-HoMeHKJaTypa,
K asi paccMoTpeHa B M. 3.

m%pymgaonopo;[:ax Bokpyr ceaselt C—C nerko npoHCXOAHT BpalleHNte,
TO3TOMY CYIMECTBYIOT paziauuHbie GOPMBl® MOMEKY/R!, OTaHYaolIHecs
pacnofioxeHHeM aTOMOB B NPOCTPaHCTBe, T. €. pas/iH4Yue Kondopma-
uuu. Kondopmayuasu mosexysst onpedercnnold xownueypayuu HO3vt-
SQIOMCS COCINGARUSR MONCKYABL C PAIAULHOIM PACNONCIEHULM €8 QHIOMO8 8
RPOCMPAHCMBe, BOSAUKAIOWIUE 8 De3yrbiname 8pAILERUSR B0KPY2 C8A3eH.
Kondopmauuu pasangaiores Mexay cobofi crabunprocteio. boaee cra-
GuabHBE KOH(opMauuH, KOTophle BUKCHPYIOTCA (H3NKO-XHMIYECKUMH
MeToNaMu, HasHBalTCH Kosdopmepanu, Kondopmep — 310 Moaeky.a
B KOHBOPMALKH, B KOTOPYIO €€ aTOMB! CAMONPOH3BOALIO BOSBpalLaioTCA
nocae HeGoapKX caBHroB. HanGoiee CTaGUIBHEIMK KoHGOPMAUHAMY
ABAMIOTCA Te, B KOTOPKIX MEKAaTOMHOE OTTANKHBaHue HaHMeRbiuee. Hx
HASBIBRIOT SAMOpMONEHRBLNYL KONpopuayuasa. Haobopor, sondopma-
IAH, T aToMEl Pacnoaaraores 6nu3ko (B ciyyae anKakoB aTOMH BO0-
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pofta), ABASIOTCA HECTAGHABHBIMH W HASHIBAIOTCA  3ACAONEHHBIMLL
(prc. 48). PakTHyCCKN pasanuHbe KOHPOPMALEH HAXOAATCS B AHHAMH-
YECKOM DaBilOBeCHH, H BO3MOXXHOCTL NEPEX0AA ORHON 3aTOPMOXKEHHOH
KOHQOPMAUHH B ADYIYIO 4€Pe3 3aCIOHEHHYIO KOHGDOPMANMIO Onpenes-
erca Gapoepor spaujenus. Onpeienenne CTPYKTYPL H COCTaBa KoHbop-
MEPOB H SHEPTRA BpAWEHHS ABJAETCS 331aYaMB KORMOPMAYUORKOZO
aHaAu3A. - C

s nao6paxenus nponecca Bpawerns o cessn C—C ouennb yao6-
HO NONL30BATLCH ABYMEDHBIMH H300DaKEeHHAMH COEZHHERHH, KOTOpHIe
npepnoxua M. Hetomen (1956}, Tak naskiaeMue npoexyuu Hbwomena

I‘I I'
3t o Nepd . N

# i \ f'/ \\

! /l
i é ¢ S

Puc, 48, Bpauenue B MoneKyae sraHat
DBEPRY — GOKOBEE NPOECKUHA; BEHHIY — npoekunn HeloMena: @, ¢ — 98-

TOpMOXeAnHe KORNOPMaLNH; § — 3acaoNCHEAR KOBDODMALRSE (Gapoep
spawennsa 12,57 gJIx/Monk)

NOJYYaloT, PaccMaATPHBasA COGAHHERHE BIOJIb COOTBETCTBYIOINSH CBASH
C—C. ©poHTaNLHLIN aTOM YFEPOAa H306PAKAIOT TOUKOA nepeceyeHun
€ro CBA3eH, 4 THABHBIA aTOM YIJIepoia — OKPYKHOCTbIO. Bpamenue B
MOJIeKyJie 3Tana HaoGpameno Ha puc. 48 npy noMomy GOKOBHX NPOEK-
LM C KAHHOBHAHBIMM H TYHKTHPHBIMH CBA3SMH H tdopmyn  Helo-
meHa. Dappep Bpaitennsi B Monekyne sTa@a paser 12,57 xJDx/moanb
(3 xKan/monn).

YCTaHOBREHHE TETPASAPHYECKOIO CTPOEHHS MOJEKY/B! MeTapa ¢
UETHLIpbMSA OAMHAKOBLMH cBA3AMH C-—H npuseno k runorese o spi-
ruCphAn3auuy yraepoanoro aroma. Uetwipe ceasn C—H saasorca
C-CBASAMH, KOTOphle 06pa3ytoTcsl NpH B3aNMOACHCTBAH 5p°-THOPHAHLIX
opGuranef yriepoAHoro atoMa n ls-opGuTanefi yeTwpex BOAOPOAHEIX
aTOMOB. Sl :

B Monekyniax aiKaHOB C HECKOIBKHMH YIJePOLHHIMH aTOMaMH HMe-
toTcs He T0AbKO o-cBiay C—H, Ho u ¢-cBrsu C—C. Baanmopeiictere
mexny ceudamu C—C v C—H aBasercs MHHEManbHEIM, BAaACHTHHE
37EKTPOHB! JIOKAZK30BANLl B OnpefeneHBnX cBasax. Ho ysennuenue
UHCTIA O-CBASEH B MOJIEKYJE alKaHa BCe-TaKH W3MEHseT cRoficTa. Ox-
HUM H3 BauboJiee YYBCTBHTENIbHHIX KPHTEDHER CBOACTB SACKTPOHHOMN
CHCTEMBl MOJIEKYAB ABJARETCHS 3Heprus noHuzauuu (). Yeemngeuue
Ydcna G-CBASEH YBENHYHBAET 3NEKTPOHOIOMOPHLE CBOJCTBA aJKAHOB
(nommxaer 3U). Dueprus HOHHIAUHH aAKAHOB:

Arkaw ... ...,..... Meran Sranu Byraw - Fexcan.
3,sB .. ......... 12,6 11,6 10,5 . 10,3
AnKaus 061aNaloT O4eHb CaGhiMH 3/1eKTPOHOIOHOPHEIMH CBOMCTRA-
MH. L .. -
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B MoMeKyNaX allkaHOB HMEIOTCA TONLKO O-CBA3H, cneﬂ.ona'ren;;lgé
OTPHIB SMEKTPOHA 3aTPYAHEH, BOICYKACHHE MOMCKYJIHE (mex;‘grom&
nepexoas o—>c*) TpeGyer Gonsiuof 3HEPrHH. Anxanu4r{1)ornoau. o7 10
ko B BaKyyM-yasTpaduonerosoit ofaacty (125—1 HM{T(;.'IFIMH M?;
JKHIKHe aNKaBLl ABJSIOTCA OYeRb NOAXOAALUIHMH PacTBOp! ; as:ﬁ;; g
CHSITHA 3MEKTPONHHX CNIEKTPOB NMOMMOWEHHSA WA HCOYCKAHMA P
HbI%B:ou}li%r;enwux cmeKTpax (MHppaKpacHbie CHEKTPEl MOFNOWIEHA
U CHEeKTphl xouﬁunauuomlogmg%%%ng ﬂﬂ?s %xagogs i;ipg;—;eg}z?

B MHTepBajAax ,75—3,
gﬁx??{‘g::é':m csﬂ:-?eﬁ C—H) u 1360—1480 cm~* (7,35—6,75 w) (me-
¢opmantionsble koneGanus cpsa3eli rpynn CH, u CHy). Impcn%::rxlil]:
aNKaHOB CAOKHH B TPYAHO pacutupoBLIBAiOTCA, TAK Kak xumﬁma_
CABHTH PasnuaHbM 0GPasoM paclofioKeRHHX NMPOTOHOB HMEIOT

kne 3Hauewna (0,5—2 M. R.).

4. XUMUYECKUE CBOICTBA

HavanbHoe HasBaAMe aJKaHOB «napadMHb» FOBOPHT 00 HHEPTHOCTH
STHX COEAMHEHHIl B XUMHYECKHX peaknuax (oT jaT. parum — mano,
affinis — HaxopsAwuica B cpoacTse). JeficTRUTEIBHO, aNKAHH He B3ak-
MoneficTBYIOT ¢ OGHYHEMH KHCIOTAMH M wenodamd, oxucautenaMu. Ho
daKTHIECKY JKAHH B ONPEAENCHHBIX YCAOBHUAX HE TaK YK HHEPTHHL.
Jlerko ocyiecTBAsAOTCA PeaKUHA ¢ aKTHBEBIMY CBOBOLHBIME paayKana-
MH, NpEBpalleNns B YCIOBHAX BHCOKHX TeMHEPATYP WAH B NPHCYTCT-
BHH KaTa/lMSaTopoB, B TOM 4HcJe CBepXCibHBX KHciaoT. Huxe npu-
PeAeHA NPOCTas CXeMa peakuHi a/lKaHOB:

dauete H X

e R—G—t—R
H H il

R —CH =CH —R + Hj «| Tepunwecitne

[ ]
npeBpaueHRs
—=CH e R—C~C—R--
gf{:(’chlii;cig-[-g« : l"l I'II HS;:;FHH- l}
H

1. Peaknny samMeweHNsl BONOPOAHLIX aTOMOB AJKAHOR NPH B3aHMO-
EeficTBMM C AKTHBHLIMA CBOGORHWMH pPamMKaJaMM. T'omonuTHUECKHE
peaKuuH AAKaHOB AOIKHE! GBITh MHHUHMDOBAHLI AKTHBHBIMH ¢BOGOL-
HHMH PaIMKasaMi. DT0 IOCTHraeTcsi B OCHOBHOM (OTOXHMHUECKHM,
TePMUYECKHM WJIH KATANTHTHYECKUM MYyTeM.

pa) TanorenupoBaHke aAKaHOB. AIKaHH OYeHb
AKTHBHO B3aHMOZeficTBYIOT C (TOpOM, peakuds C XJOPOM NMPOHCXOIHT
npu ocsemenur. BaanmopeficTsue ¢ GPOMOM OCYIWIECTBASETCA TOBKO
OpH | ocpewleyHd u Harpepanud. Mox c anxapamu HE pearHpyer
(ra. VII.2.1).
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C xnopoM ankanbt (MeTan, 3TaH, NPONaH U Ap.) PR OCEMHOR TEMMNE~
patype B B TeMROTE He pearupyior. HanpoT#B, npH OCBEILEHHIT COTHE -
HbiM CBETOM HAM ellle JAyvwie Y@-nyuaMH Hauhnaercs CypHas peax-
ItHA, HHOCAA 3aKaHYMBAIOWAACA B3PHBOM. B TaKoH peakinil u3 Me-
TaHa O0pa3yloTCs XJAOPHPOBAHHLIE MeTaHB! C PA3NMYHEIM YHC/OM aTO-
MOB XJiopa: :

CHy+ClL 2 cHCIL HC
CHLClLCly 2% CH,CL4-HC

Ton neficteieM cseTa MOMEKYAL! X10pa AKTHBHPYIOTCS U pacafaioT-
¢q Ha cBoboansie paaukanm Cl-. AToMH xJopa o6aafai0T GOABHINL
CPOACTBOM K 3IEKTPOHY H CNIOCOGHH  OTPHIBATE aTOM BOIOPOAA OT allKa-
Ha ¢ 06pasoBaHHeM CBOGOAHOr0 aNKHABROrO pajnKalia. ANKUABHHIL
papuKan, B CBOKO OYepefib, Pearupyer ¢ MOJIEKYJOH XJOpa, OTPHBAET
atoM xnopa k.o6pasyer xaopankar. B peaxiuuonnodi cpese onath ofpa-
3yerca atoM xjaopa:

e, 2 oc.
Cl. - CHy — CH,--}- HCI
CH;' +C]= -_— CHQC| +Cl-

Ha xamuoli cTymeHH peaKuuu reHepupyercs cBoGOAHBIR pa,nnxa.n,'

KOTOPHIfi CNYXNAT RPONOKaTeNeM peaknuu. Takne peakuuu HashiBa-
I0TCA Yennvimy peaxyuany. INocne HHUIHHPOBaHUSA PEAKUHE BOZHHKAET
LeTHOR Nponece, KOTOPHA APEKPaLlaeTcs TOALKO MOCAE HCYe3HOBEHHs

BCEX 2RTHBHBIX CBOGOAHBIX Pa’HKaioB. Llenn «oGPHBAIOTCAS B pesyan-

TaTe peKoMOMHAUKHH (AMMepH3auMn) cBoGOAHMX pamHKanoB (R -+
+Cl-—»R—-Cl, R:+R:—~R—R). > (

B peakuyu MeTaHa ¢ XJ0poM MOTYT 06pa3oBaThes TAKKe HM-, TPH-

H TCTPAXJAOpMeTanbi:

Cl- +CH,C1 2% .cH,Cl14+- Hal
«CH,Cl+ Cls —» CHyCl+-Cl+
Cl 4 CHyCly < +CHCl; -+ HCI
.CHCl,+ Cly —> CHClg4Cl-

[MToaoOHEIE peaRUMH XJOPHPOBaHHA MPOMCXOIAT TAKMKe C ITaloM,
nponanoMm, OYTAROM H APYFrHMH alkaraMmi. B aTuX peakuusx oObmHO
obpasyioTca CMecH H30MEPHHX XJOPaiXaHOB. '

Heob6xoauMO OTMETHTH, YTO AKTHBHOCTR ANKAHOB B PeaKUHAX Ta-.

JOreHHPOBAHHS PacTeT ¢ YBEJHYEHHEM WHCAA YIVIEPDOABRIX aTOMOB B
Heny #-aflKana, 310 CHMOATHO YBEAHUYEHHID WIEKTPOHOAOHOPHAIX
CBOHCTB ankaHoB (ymenbilennio 3U). .
6)CyasdhoxaopupoBanke anxaiobd. Ankam RH
pearupyior ¢ SO; 1 Cl, noa aciicterem YP-ceera, BPH 3TOM 06pasyior-

€A XNOPARTHAPUAL aAKAHCYALPoHoBHX KHCA0T RSO Cl. TTox nesictenen -

Y®-nyueit obpasyioTess aTOMDLI X/A0Da 1l CBOGOARKIE ATKHABNEE PafMKa-
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abt. Tlocneanne B3anmoaeficTByIOT ¢ SO,

Cly — 2CI-
RH + «Cl — R+ - HC
o

It
R:4-80; — R—ﬁ4

o 0
i I

R—S8.+4+Cly — R—=S—CI4Cls .,
1 il
0

XaopanruIpHIH anKaHCYAbGOHOBHX EHCJOT HIMPOKO HCNOAL3Y-
10T¢A B MPOM3BOACTBE Moinux cpeacts (ra. XVIII.4). '
'B) CyanbhooKHCAEHHEe anKaHoB. Ankarn RH. pea-
rupytor ¢ SO, B npacytctBun O, npH Y®-obayueruu, npy sToM obpa-

" 3yoTea ankarcyibdorosue KucnoTht RSO;H. Jlns ocywmecteaenus

peaKkuHH HeoGXOoAHMO HeNpepHBHOE OCBeNEHHE, TAR KaK TONBKO B pe-
3yJbTaTe STOTO BO3AEHCTBHA H3 aJRAHOB TIEHEPHPYIOTCA CBOCOAMLIC
paguRanel. [Hanee cBoCOAHHE anKHAbHLIC PaZHKaAK pearupywTt ¢
SO, u O,

v
R'+SOg-—>'R—§l
- 0O

0 0

i I
R—S: 403> R—~S—0—01¢
I

. 0

R —SI—O—O--{-R—H —R —sl:-o_oa.Hz.
[ . |

(=

ANKAHTEPOKSHCY D~
40H0Ba9 KHCNOTA

ANKxannepoKcHCYAL(OHOBaA KHCIOTA JIETKO Pacnapaercs ¢ obpaso.
BaHHEM HOBHIX' CBOSOAHEIX PajHKAaJIOB:
Q 0

I I
R—8~0—0H+2R—H —2R-+4R —-[S-—OH-}-H,O
] [

KoneuHeM npoaAyKTOM PeaklAM CYAbPOOKHCACHHA SBAATCS aakaH-
cyan(oHOBAA KHCAOTA. '

r) Hutposanue ankKanoBs. Ilpu B3aumopelicteun atka-
HOB ¢ pasGaBienHoOl a30THOH KHCNOTOl MAM OKCHAAMH as30ta NpW Ha-
TPeBaHHH NPOUCXOAUT 3aMelleHHe BOXOPONHBIX aTOMOB HHTPOIDYNNoli
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u o6pasyrotes HuTpoaiKanbl (Metof KonoBasora):
HNO,; NO,
R—H——F~— R—NO;
Bonee moppo6Ho MexaHnaM o6pa3oBaHMs HHTPOANKAaHOB ONHCAaH B
ra. XXI.A.l.

g Peakxuuu afKaHOB ¢ KUCJAOpoAOM. B mpucyr-
CTBHH KHCJOpPOZAA alKaHbl JeTKo cropaiot ¢ obpazopanuem CO, u H,0
H BbIIeJIeHHeM 6O/IBIIOrO KOAHYecTBa TenoThi (46 000—50 000 k IxK/Kr).
CmecH ra3o06pasHblX ajqKaHOB € BO3LYXOM HJIH KHCJIODPOJAOM B3PhIBO-
OMACHBI,

OkucnenneM ankaHoB B Ta3oo6pasHoil unu xXuako# dase BO3LYXOM
WIH KHUCJIOPOAOM B INPHCYTCTBUH Karalu3aTopoB MOIYT ObITh NOJY-
YeHBl TPOAYKTH YACTHYHOIO OKHCJEHUs, B OCHOBHOM KapOOHOBBHIE KHC-
a0tel. [IpOMeKyTOUHBIME TIPOAYKTAMH B PEAKUNM OKHC/IEHHA aJKaHOB
ABMSIOTCA CBOOOJAHbLIE ANKHJAbHBIE PAfAHKANbl W OEPOKCHCOENHHEHHS.
Huxe npusemena cxeMa OKHCNEHHs OyTaHa A0 YKCYCHOH KHCJIOThL

CH,CH,CH,CH,; — CH,;CH, —CH —CHy' %2

H H
| ) | ;
s CH,CHy —C — CH, SHCHCHCHs o e, —C—CH, 5
|
0—0. 0—0—H

O THAPOME POKCHA
'+ CHZCH,OH + CHy—C%
“H
o, | o,

0 o, 0
CH,—C# 3 CHy—C7
“H No

TTpoMexKyTOYHRIMH NPOAYKTAMH SBJSIOTCS COHPTBL M AJLJETHJH.

Ilpu okucienuu ppyrax ankaHoB (C,—C,p) MOXKHO TOJYYHTB
KAaK COWPTHL, TAK W KAPOOHOBLIE KHCJOTH C GO/LLIMM YHCJAOM Yriepoj-
HBEIX ATOMOB B 11eNH (BBICIINE CTIUPTH U BBICIIHE KHCJOTHL), JTa peakiys
UCMOJB3YETCS B MPOMBIILIEHHOCTH.

2. Tepmuueckue npeppaulenvsi ankaHoB. [Ipu Temmepatype Briule
500 °C asKaHBI CTAHOBSITCA HeCTAGUJBLHLIMH U PACNafaloTcsl C Bhifese-
HUeM BOJOpoJa W 00pa3oBaHWEM YIJIEBOJOPOJOB ¢ oJiee HU3KOH MO-
JeKyasspHoA maccoil. IlpucyTcTBUE KATANH3aTOPOB YMEHbILIAET TeMIle-
parypy pactaza. B 3THX peakuuaX UPOUCXOAMT TOMOJHTHYECKHH pas-
puB cBaselt C—H n C—C. TepMuueckue npeBpalleHus alkaHOB Ha3Bl-
BAIOTCA Kperuneom. V3aBecTHH TepMHUecKHH KPEKHHT M KaTdJIuTHYe-
CKUH KDEKWHT, KOTOpBIE ILIMPOKO NPHMEHSIOTCS B INPOMBILLIEHHOCTH.,

Tpyauee Bcero mnpeppamaercas MeTaH:

806-1000°C
CH,—— > HC=CHJH,C=CH, 1 Hy4

OTaH JeruApUpPYETCs TpH GoJiee HUBKUX TeMIlepaTypax:

575-650 °C
CH3—CH3———— HC=CH--H,C=CH,{H,
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Anxaubl ¢ 6osee ANHHHON YIEPOAHON LeNbIO 06pa3yioT HeHACHILIEH-
Hble YIVIEBOJOPOJIBL UK PacalaloTesA Ha YTJAEBOAOPOALI ¢ MeHbIUeH Mo-
JIeKyJIpHOK Maccol:

CH3CH =CHCH;3+H
CHZCH,CH,CH,z~  ° st Ha

#-AJKaHB! ¢ WeCTblo UM 60Jee YrAeDOAHBIMH aTOMaMH B HNPHCYT-
CTBHH KaTasan3aropa crnocobHbl K NHKAN3aLHH W o0pa3oBaHHK GeHsoua
u ero npouseojHex (ra. VI.A.2):

H

[N

NN
CchHchchchchaﬁ IC % +4H2
N
|
H

Sra peaKuus Ha3HIBAETCA apoMaTH3alued WM AerHAPOLUKIM3alNel
aNKaHOB. :

TepMuyeckre HeKaTaJUTHUYECKHE U KaTaJUTHYECKHe NPeBpalleHus
a7lKaHOB OCYIIECTBJAOTCA MO CBOGOJHOPAJAMKANbHOMY MeXaHusMmy.
[pu stom npoucxoant paspeis Kak C—H-, Tak u C—C-cpsaseit, o6pasyro-
1uecs cBOGOAHbIE alKHIbHEIE PAJUKAJBl YIACTBYIOT B pa3N4HbIX Jajb-
HeHIIMX peakuusnx. Huke npuBeleHE] HEKOTOPElE U3 BO3MOMHBIX Dpe-
ppamennii ankana RCH,CH,CHj:

RCHj-[-CH,=CH, R<--CHy=CH,+ -CHy
T B-pacrag

RCHQ' —I— ‘CHgCHa -« RCHQCHzCHa —_——— RCHZCHz‘ + 'CH3

RCH,CH,CH, JHCTPOTIO PILHO- | |

HHpOBaHHe o 4
RCH = CHCHj; « RCH,;CHCH3+-H RCH =CH,-}CH;,
+

Hg

3. U3omepusauua ankauoB. [Tox felicTBUEM CH/IBHEIX 3JEKTPODUIb-
HeIX pearenTcs (Kuc/aor JIblonca) H-alKaHbl YaCTHYHO NPEBPaALNaoTcs

B M30aJKaHHLI, a M30aJKaHbl — B H-aJKkaHbl. O6pasyercs paBHOBeCHAs
Kucnota
cMech: H-AnkaH ——— MVaoankan

B kauectBe 3JEKTPOPUIBHOIO PeareHTa MOryt GbITh HCIIO/Nb30BAHBI
AICl; uau AlBr, mpu nopblileHHOR Temmeparype. HauGosee nepcnex-
THBHO IIPUMEHEHVEe OYeHb CHJIBHBIX KHCJOT, TaK HA3bIBAEMbIX CBEpX-
kucaor (BF;+HF, SbF,--HF, SbF,+4-FSO,H), xoropbie umetor He-
OOBIYHO BBICOKYH0 AKTHBHOCTb IPOTOHA. IDTH KHCJIOTHE H30MEPH3YIOP
aJKaHpl yKe TIpH OObIYHBIX TeMIleparypax.

Hzomepusaunusi alKaHOB BO3MOXKHA HayuHas ¢ 6yraHa. Uem Go.b-
I1¢ YIIEPOHbIX aTOMOB B MOJIEKYJIE a/lIKaHa, TEM Jerye uaer n3oMepuaa-
s, 210 ofbSCcHAETCA TOHKKEHHEM 3HEPTHH MOHH3ALUM TaKNX ajKa-
HOB, 4YTO O6J€ErYaer B3aHMOACHCTBHE G 3/EKTPODUIBLHBIM peareHTOM.
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Anxanet 067282107 OYeHb HH3KMM CPOACTBOM K [IPOTOHY, YTO OGBACHSETCS
NPUCYTCTBHEM TOJbKO HACLILEHHKIX cBs3ell (G-cBsiseil) U OTCYTCTBUEM aTOMOB C
HEMOJEJeHHEIMU 91eKTPDOHHEIMU MMapaMu.

[Tpu B3auMopedCcTBHHM alKaHa CO CBEPXKUCJAOTON 05pa3yiorca KapGOKaTHO-
HBl, CMOCOGHEIE K BHYTPUMOJIEKYISIPHEIM neperpynnuposkaM. [lepBUYHBIM mnpo-
JYKTOM fBJseTCSl IPOTOHHPOBAHHHHA afKaH (MOH alkKaHOHU#). ['e mpucoequHs-
eTcs MPOTOH, HeusBecTHO. [Ipepnosaraior, YTO aToM yraepoja M fiBa aToOMa BO-
Ropojia 06pasyioT TPEXUSHTPOBYIO ABY X3/IeKTPOHHYO CBA3b. MoH afikaHOHUS pac-
najgaeTcsd C GTIEMJIEHHEM MOJEKYJH BOJOPOAA UM MeTaHa U O0pa3OBaHHEM Kap-
GokaTHOHA: :

+
H +
. [ H ——> RCH; 4 H,
R—CH; + HTW =—x R—C"'.'. u—
1!1 ‘H| L——s R* + cH,

[Meperpynnuponky MOXKHO NMOKasaThb Ha IpUMepe 8mop-GyTHA- H mpem-6y-
THAKATHOHOB!

~-CHs Tm cH, H
v _:I + H
CH,—C—C—H =—= cHy——e” ~—= CH,—C—C—H
L ¢l A u L
H H \*H"’ - \__H ‘_,l

Boabueit crabuabiocTsio 061agatoT TpeTHuHble KAPGOKATHOHLI, IOITOMY [pPOLUECC

MeperpynnupoBKH B OCHOBHOM HanmpapJieH Ha 05paaosaHHe pa3BeTBJCHHKIX aJ1-
KaHOB,

HMsomepuaalus ankaHOB B NPHCYTCTBUH CBEPXKHCIOT MOXKET HAMTH
NPaKTHYECKOE NIPUMEHEHHE B NPOMBILLIEHHOCTH AJS1 NPOH3BOICTBA BhI-
COKOKAYeCTBEHHOTO MOTOPHOTO TOMJINBA.

4. O peakuuoHHOiI CNOCOGHOCTH aNKAHOB B 3A3BHCHMOCTH OT HX
CTPOEHHS] H AKTUBHOCTH PEareHTa M O CTAGHJIBHOCTH CECGOOIHLIX afj-
KHABHBIX pajukajos. PeakuyuoHnas cnocoGHOCTL ANKAHOB, HAYMHHAS C
MeTaHa, NIpu Iepexo/ie Ha HepasBeTBJIEHHBIE W OCOGEHHO Pa3BeTBJEH-
Hbl€ A/TKaHBl yBEIHYNBAETCSE. ITO OTHOCHTCH B OJMHAKOBOH Mepe K peak-
IHAM DajMKalbHOTO 3aMelleHUs, peakuUAM JeTHADHPOBaHHSA, Kpe-
KHHra M NnpeBpalledusM B IPHCYTCTBHI CBEPXKUCJAOT. DTO MOXKeET ObITh
O0BACHEHO, C OJHOM CTOPOHBI, HEKOTOPLIM YCUAEHHEM 3JIEKTPOHOJIOHOD-

TaGauya 8. Jueprus auccOUMALMH HEKOTOPHIX CBsaell C — H

AH (ycpeauennbic 3nauentis)
PBZH(IUH! Auccourauuu )

KA w/Monk | KKaa/Moh
CH; — CH;---H. 425 102
CH;CH3; — CH,CH.. 4-H. 406 97
CH:CH,CH; — CH,CHCH, - H. 395 94
CH;;%ICHCHS — CH,CCH,-1-H. 375 90

|
CH; CH,3
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HEIX CBOfICTB NpH yBeJHueHHU uucaa o¢-cBssefl (em. ra. 1.3), a ¢ apy-
roit — ymenbmeHuem 3Heprun auccouuauwun cssei C—H u C—C npu
YBE/JINUYEHHUH [JIHHBI LeNHd U ee pa3BeTB/]eHHOCTH. Mamenenue snepruu
cBsiseit C—C npH M3MeHeHHM CTpPOeHUs! NpHBeeHH Bo Bpex. 6.2, a
Hamenenue 3Hepruil guccounaiun ceaszefi C—H — B Taba. 8.

B peakuusix pajHKaJsHOTO 3aMelleHHs H TEPMHUECKOTO pacliene-
HHs [POMENKYTOUHBIMH YACTHHAMH SBJIAIOTCA CBOOOAHBIE AJKHJbHBIE
‘pajguKanbl, CTaGUIBHOCTh KOTODEIX MOXKeT OblThb OXapakTepusoBaHa
snepruefl auccounauud C—H-csszn: R—H—->R-+H-.

U3 nanunix taba. 8 BuITEKAET, YTO HAUMEHBIUYIO CTAGHIBHOCTD HMe-
101 cBoboaubie paaukasst CH,- u CH,CH,.. Cpennee Bpemsi XH3HH
ux ne npessimaer 1072, . .10~ ¢. Pa3perBieHHble cBoOOAHbLIE PaaAHKa-
Jb 6osiee cTaOUJbHBI, 4TO OOBSCHSIETC NPOCTPaHCTBEHHBIMH 3(deK-
TaMy 1 HeGOsbILOH JesioKaIU3auueli HecapeHHoro saekTposa. [Ipu sTom
TPeTHUHbIE PAAUKAJbl cTaGHJbHEe BTOPHUYHAIX,

TakuM 06pasoM, peakUuu co CBOOOAHOPAJMKAJbHBIM MeEXaHH3MOM
JIOMIKHBI [IPOTEKATh NMPEUMYIIECTBEHHO Y TPETHYHOrO YIJIEPOLHOrO aro-
Ma aJKaHa MJM Y BTOPHYHOTO, T. €. PEaKUHUH MOTYT OHITh pecuocenek-
musrotmu. PerHOCENEKTHBHON HA3BIBAeTCs peakiusa, B KOTOPOH XHMH-
YecKHe M3MEHEHHA MPOHCXOIAT NPEUMYLIECTBEHHO B OJHOM H3 HECKOJb-
KMX BO3MOKHLIX NOJIOKEHHH B MoJekyJie.

Hanpumep, npu peruoceneKTHBHOH peaKUuH JO/KHA COOJIOAATbCA
HOC/E/I0BaTeNbHOCTD  3aMeilleH s

CHj CH, CH; H

| X- | X- !
CHa—C—CH2CH3 — CHJ—‘C —_ CHQCH:} - CH;;—-C—C—- CH3

[ | b

H . X X X

B peaknusix aJkaHOB CTPOro 310 He cof/ofaercs. PerdocejekTHB-
HOCTE (H30MPaTeNbHOCTh) 3aBUCHT OT AKTHBHOCTH peareHTa U CKOPOCTH
peakuuu. Uem aktuBHee peareHT U OoJbIle CKOPOCTb DEAKLUH, TeM
MeHbLIE PEruoceNeKTHBHOCTh. Tak, npu ¢ropupoBanun (ria. VIL.2.1)
moJiydaloress NoaupTopnpousBofubie. Peakuus GpomupoBaHHA Gosee
PErHoceNeKTUBHA, YEM XJOPHPOBaHUL.

5. MIPUMEHEHHUE AJIKAHOB

AJIKaHBI SIBJSIIOTCA HE TOJBKO MPOCTHIM U OTHOCHUTENHHO JNEUIEBRIM TOIl-
JIMBOM, HO H HCXOJHLIM CEIPBEM JIs1 KPYIHOTOHHAXKHOTO MPOU3BOACTBA.

TNoayueHHsle W3 HeTH cMecH a/JKaHOB H JAPYIUX YIJIEBOAOPOLOB
NPHMEHSIIOTCS B KauecTBe MOTOPHOTO TONJIMBA JIsl JBHTaTe/eil BHYTPEH-
HEro CropaHusi U PeakTHBHBIX ABUrarteseil.

[Ipn pasroHke HedTH 1OYy4alOT HeCKONbKO dpaknuii: GeH3uH
(r. kun. 40...180°C, yraeBomopoasi C¢—C;o), KepocHH (T. KHI.
180. . .230 °C, yraeBogopons! C;q U C,5), AW3eNbHOE TOWIHBO (T. KHI.
230. . .305 °C, yraesomopoaul C,3;—C,;). Ocraercs MasyTt, H3 KOTOpoO-
ro TEPEeroHKOH NOA YMEHLIUeHHbLIM JABJIEHHEM HJH C BOISIHBIM NApoM
noayuaoT cogasaposoe macao (yraesoaopoinl C,3—Cs;), cMa3ouHbIe Mac-
Jaa (yraeeogoposst C,,—C,,), Basesun, TBepAnlil napaduH,
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Briciie GpakUUM PA3POHKH HedTH HOABEPraloT KPeKHHIY AAS HO-
AYYeHUs BRHICOKOCOPTHHIX OensutoB. Kpome TOro, mosydatorcsi ajake-
HH — 3TUJIeH, NporieH, OYTeHH — Ba)KHeHIIee CHpPbe LA XHMHYeCKOH
APOMMIILIEHHOCTH, '

Meran — GeciBeTHblt ra3 6e3 3anaxa, ¢nalo pacTBOPHM B BOze
(oxono 50 mx nau 0,033 r 8 100 r Boxst) Hpu 20 °C. Berpewaercs B npu-
poe Kag GonoTHEI ras, pyaHHuHHA ra3. HauGosbuiee cofepikanue

123
CH,CI Cly3 hy CH DREKTROKDERIHT HoCz=C—H

CH,CI.
ritr) @03\'8 _
H—C=N
CH,;NO, H
= _ H/,C=0
\
. Csz

¢+Ho )
caka qng RNK CHHTEIA ROAGPOX ANK
PeIHHOROIK Pnuwepa-Tpomia  riapHpoBAHEA

HPOMBIUITTARHOCTH
Puc. 49. CxeMma npespammenuit Merana

MeraHa B ApHpoisoM rase (60. . .99%). 3HaunTeNpHEE KOMHYLCTBA Me-
TaHa 00pa3yIoTCst ADH CYXOAl AeperoHKe KAMEHHOro yris, B MPOLECcax
THRPHPOBAHHA YA,

Meran mupoOKO HCHONL3YETCS B KAYECTBE TOWJMBA ¢ GO/BLION TeH-
AoteopHocTeio (50 D00 kJIk/kr). C BosgyxoM ofpasyeT onacHsie
B3DHIBYATHE CMECH. MeTaH CIYKHT BaXKHBLIM CHPbEM IIA XHMHYECKOR

NPOMBHIIIEAHOC TH. I'/iaBHEIE FpeRpALleHHs MeTaHa NOKa3aWhl Ha cXe-
Me (puc. 49).

Traea 11
AJKEHBI

ITpu oTHATHE OT MOJIEKYJIN a/IKAHA ABYX BOAOPOAHBIX ATOMOB 06Pa3yIoT-
€ YIJICBONOPOAE APYroro TuHa ¢ obmeft dopmyaoit C,H,,. Camum
NPOCTRIM H3 ITHX YIAEROROPOAOB JoskeH GH Obrtb CH,. Takoro yrie-
BOJIOPOJA HONYYHTE He YAajoch, [Toaxke Ghisio MORa3aHo; IO 3TO coelu-
HeHHe SBNAeTCS HECTAOHJBHLIM, BEAST Celsl KAK aKTHBHHI BUpaanKad
(vacTHua c ABYMS HECHAPEHMHIMH 3JIEKTPOHaMH), KOTOPHIt ObLT Ha3BaH
KapOerHoA.

Tlpocrefimum anxkenom sBaserca smuaes C,H, B ero cIpykryp-
HOH opMyae MEXKAY YIIEPOAHWMN ATOMAMH HHLIETCA ABORHAS CBA3H:
H,C: 4-:CH; — H,C=CH,

¥Yraesonopoast C,H,, paccMatpHBaloT Xak NpPOM3BOAHMLIC STHJAEHA,
Hcropuueckn mepboe HasBaHHe STHX ank(aTHYECKHX YIAGBOAOPOIOB
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¢ JeofiHoll CcBS3bi0.6bII0 oaedunet (kMacnoolpasywlines, TaKk Kak ApH
E3aUMONIEHiCTBIN ¢ XJOPOM M OpOMOM OGpa30BbIBANM MACAAHHCTHE
AujKocin). HasHBaoT MX ¥ HeHACHUNEHHHMH YIVICBOAOPOJAMH, TAK
KaK OHH CNOCOGHHB MPUCOSKHHATHL PA3/UYHHE PEATCHTbL o

B 10 e BpeMsa ¢opmyae C,Hj;, COOTBETCTBYIOF U YIJIEBOAOPOIKI
UHKJIAYESCKOTO CTPOSHHA — YUKAGAAKAHG, OGJAjaiolue COBEPLICHHO
APYTHMH CBOfICTBAMH, _

1. I3OMEPHA H HOMEHKJ/IATYPA

INo nomeuxnarype HIOINAK yraepenoporu C,H,., ¢ onHo#t npoitHoft
CBA3BIO HasniBaloT arkenasy. HaaBanas ankenos 06pasylorT OT Ha3BaHHMA
COOTBETCTRYIOMX AJIKAHOB, 3ameHaa cyhdukc -as Ha -¢H. Cyddurc
-¢ff OB03HaYaeT RPHCYTCTBHE JABOHHOH CBA3H B LEAH YIVIEPOAMBIX aTo~
moB. Jin 06pa3oBaHHA HA3BAHHA AJKEHAa BHIOHPAIOT CaMYK0 NIHHHYIO
1edb, B KOTOPOR HAXOAWTCA ABOHHAA CBA3b, H YIVIEPOAHKIE aTOMH HY-
MEPYIOT TaRHM 006pasoM, 4ToObl ABOAHAA CBA3L HOMYIHIA HAHMEHBIIYIO
nHppy. A1y 1uudpy NPHEATO CTaBHTHL Noche cydduKrca -ex (Aomyckaer-
c U Hepell HA3BAHHEM [JIaBHON WenH).

B Tafa. 9 npuBeseHul CTPYKTYpHHE QOpMYyaH ¥ HA3BAHHS MEPBHX
npeAcTaBUTENEH TOMOJIOTHYECKOTO PsiEA AJIKEHOB.

Yucao CTPYKTYPHHIX H30MEDOB Y aJIKEHOB GOVIBILE, YeM Y aaKaHOB,
T4K KaK OJHOBPEMEHHO C H3oMepueil, o6ycCJOBAEHHOH pa3BETBAEHHEM
EAN, BO3MONKHA H3OMEPHS HOJOMEHHs Apoiinof cBasn. Kpome Toro,
DSl ANKEHOB XAPaKTepHA HAPOCTPAMCTBEHHAs (reoMeTpHuecKas) H3o-
MEPHSA; HAAPUMED, CYIECTBYIOT yuc-GyTeH-2 u mpaxc-6yren-2. Tak Kak
CcBOGOIHMOrC BpAIEeHns Mo ABOHHOM CBA3H aJKeHa B OOLYHHIX YCJIOBHAX
He APOHCXOIHUT, METHIBHEIE TPynAn B OyTeHe-2 MoryT GHTL QHKCHpoO-
BaHB A0 OIHOM CTOPOHE ABOAHON CBA3M (Yuc-U30MEp) WIIH HO APOTHBO-
NOMOXHMM CTOpOHaM (mparc-nsomep). Jlas oBG03HaueHHA reoMeTpH-
YeCKHX H30MEPOB NpeANoKEHH Takke OyKBeHHHEe oGo3HAYEHHs: Z

" ana yuc- (oT HeM. zusammen — BMecte) W E Ang mparnc- u3oMepa (or

HeM. enlgegen — HanpOTHB).

Ecau y apofiHofi CBA3H HMeeTcs TPH WJIH YEThIpe Pa3jIM4HHIX yIJe-
BOJIOPOAMKIX WJM ADYTHX 3aMECTHTeNsA, To obosHaueHHsaA Z ® E BHIOH-
PalOT HO HPOCTPAHCTBEHHOMY PACHOJONKEHHIO JBYX CAMHIX CTApIUHX
rpynn, CTaplHHCTBO YIJIEBOAOPOAHHX 3aMECTHTENeH YBEIHYHBAETCSA
B paay
~CHg «—CH,CH; —CH;CH;CHy; +CH;CH,CHsR

CHj
CHjy |
—CH< —C—CH
CH, i :
. CH,

[IpaBuna CTapuHHCTBA PasIHYHHIX 3aMecTHTeNeR M XapaKTepucTHue-
CKHX TPYHA HanoxeHur B ri. VIL.3. Utofu oThecTH H3oMep K Z- HAH
E-pany, HeoOGXOAHMO CPenH YeThIpeX 3aMEeCTHTENICH V JABOAHON CBsiaH
HadTH ABa camuix crapmmx. Ecan ofa crapimux 3aMecTHTes pacliosio-
XKEHH [0 OHY CTOPOHY HAOCKOCTH, B KOTOpON JI&KHT ABOAHAS CBA3b,
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Tabauya 9. NMpocrefimue npexcrapuTeAd aAKEHOD

Dopuyna
H Cokpauietroe H30Cpanes
OMEHKNATY DA axe dopmyan
obutan CTPYKTYPHaR
CH, CHy;=CH, 3rtHaen (z9Ten» npu-
MedgIOT HHOrZa AJd
o6pasoBaHHA  Ha3Ba-
HAR MPOASBOAHBIX H
OCTaTKOB)
CsH, CH,CH=CH, Mponen (npAMenser-
CH TaKXe «PONHACH?)
CyH, CH;CH,CH=CH, Byren-l

CH,CH =CHCH; Byren-2, quc- (ana

2) mpaxc- (umm E)
CH; —C=CHg 2-Metuanponen-|

(TpuMenserca Takxe
Hs «H306yTH/ICHS)

GHys  |CH,CH,CH,CH=CH,| [Mearen-1

CH3CHeCH=CHCHg| [Ilenren-2, gue- (uan
Z) mpaxe- (uan E)
CH3CH,.C=CH,
Ha,
4 3 2 1
CHsCHCH =CH, 3-MeraabyTten-1
&,
1.2 s 4
CH 3(|'.'. =CHCH, 2-Metaa6yTen-2
CH,

2-MeTun6yren-1

YL CSYSLP0

K30Mep OTHOCAT K Z-psfy, B NPOTHBHOM CAydae K E-pany.. Hanpuamep:

CH. . CHiCH,

CH,CH,” “CH,CH,CHj;

Z+2-MeTHA-4-9THATRNTEH-3

Hassasus 0CTaTROB a/NReHOB (2/IKEHHJLHLIX TPYNN) 06pa3yioT mpu-
COCAHHEHYEM K HA3BaHHIO alkeHa Cy(uKca -uz. HeKoropmie ocraTku
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aJIKEHOB COXPAHAOT TPHBHAJLHBIE HA3BAHHA.

CH;=CH— STEHUN HAH BHHUJA

élb: éHéH,-—- ' NpONeHuA-2 WIAH aJnE/

%‘.H, = (12 — [-MeTIASTERN HAR HSOMPOREHIN -
(lZH,

3 2 1
CH,CH=CH-—  nponenua-1

2. METOZbI [TOJMYYEHUA

Peakuus MOJAyYeHHA 4NKEHOB OCHOBBIBAIOTCH HA OTIMEIICHHH ATOMOB
BAH aTOMHHX TPYNMNHPOBOK OT AJKAHOB H HX MPOH3BOAHBIX. MeHbuie
NMPUMEHSIOTCS PeAKUAH, B KOTOPHIX aJKeHbl 06pasyiorca H3 CoeIHHeHH
¢ TPoHOW CBA3LHI0 HAH HECKOJIBKHMA IBOHHBIMH CBA3AMH, K Peaxuyd
KOHJEHCAIHH.

Jlerko ycTaHOBATH B3aHMOCBA3b MEKAY aNKAHAMM H HX TPOH3BOA-
HEIME 7 aNKeHaMH, ¢ OXHOH CTOPOHE, H G0/1e¢ HEHACHIICHHEIMU NPOH3-
BOAHMMH H aJKeHaMH — ¢ Apyroff, KaK 310 H306paKeHO Ha cxeme:

RCH:CH,R = RCH =CHR | - RC=CR o
Y _pxl— RCH=CHR «|_
RCHCH,R —X =XYZ rRC?/ L7 CR
H A/

1. [erHapHPOBAHHE A KPEeKMHI ankanop (NPoMuIICHAI merTox).
ANKeHsl NOAYYAIOT OTIIENJICHHEM ABYX aTOMOB BOAOPOJA OT MOJAGKYJbI
anKaHa:

RCHCH;R =22 RCH =CHR

3rH peakUHH MAYT MPH MOBRILIEHRONA TeMnepaType U B NMPHCYTCTBHU
KaTanH3aTopoB (OKCHAOB PAa3NHYHHIX METa/NlI0B), HalpuMmep:
203

Cr.
CH3CH,CH,CH, T50°C CH3;CH =CHCHj +} Ha

[lpr Temneparypax okono 600 °C jpermapuposanne HAeT Aajblue
K obpasyercss Gyraguen-1,3 CH,=CH--CH=:CH,. '

Tpu Goaee BricOKHX TeMNepaTypax NPOHCXOANT TaKkKe PA3PHIB CB-
sef C—Cu NOAYJaioTCA CMECH Da3NHYHbIX 4JKallOB U aJIKEHOB, ¥ KO-

TOPHX MOJAEKY.APHAS MACCa MeHbILE, YeM Y HCXO0JHOrO afkaHa (Kpe-
KHHT). ’

2, Otmengenyte BoAN OT cnHpToB. C AABHUX BpeMen cnupThl (ad-
KAHO/TE) CTY?KAT MCXOJARBIM CEIDHEM A4 MOTYdeHHs AJKEeHOB:
RCH;CH,OH — RCH =CH31+H;0

Orutennienye BOAN AOCTHFACTCA PA3NUUHBIMM COCOGAMH:

a) TpH HArpeBaliiH .B OPHCYTCTBHH CHABHHX KHC/JOT, HampHuep
H.SO,:

H,50,
CH3CH.OH . CHy=CH:4H;0
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. 310 obeMHNIE Ja60paTopHBIE cHocob NoNygeHHs sTuseHa. Mexa-

HH3M pearuuu paccMmorped B ra. XIV.A 4.

Al cd)) TIpK TMOBLILEHHOH TeMnepaType Ha Karanwaarope, o6bMHO Ha
23

AlLO
CH,CH,CH,0H mTc’ CH4CH = CH, 4-H,;0

Karanutuveckn# cnoco6 npumensercs s APOMLIINEHHOCTH, HampHMep
ANA MOMY9eHHs 3THaeHa (cM. ra, 11.5),

3. OTwenJenye raioreHBOAOPONA HIH TANOTEHA OT FAJIOTeHANKAHOR,
Anxennl o6pasyiorcs TipH Bos/eficTRAN Ha raJoreHalKaHbl KOHUEHTPY-
POBAHHLIX DACTBOPOB IHenoTeii. [To6oUHHM NpoLyKTOM ABAfICTCH crup-

Tol. B Gonee paz6asieHnbix PacTBopax wWenodel CHHPTH SABAAITCA
OCHOBHHIM TNPORYKTOM peaKiuH

RCH3CH3Br 4 Na*OH = —» RCH = CHa(+RCH,CH;0H) +-Na*Br~ 4 H,0
MexanusM 310t peakuunu paceMorpen B a1, V11.4.5.
Oruennenne TraJoreHBOAOPOAA BOSMOXHO TAKXKE TePMHYECKH:

!ﬂ
RCH;3CH,Cl — RCH = CH, - HCl
Anxens o6paayiotess Takxe npu o6paboTke o)
ke p p IUTaNOTeHAAKAHOB
R—(IJH —-(IIH--R +2Zn~— RCH=CHR + ZnBry
Br Br

4. THApHpOBaHWe AMEHOB W aJKHHOB. Ilpr penons3oBaHuH Cesek-

THBHBIX KaTa/M3aTOPOB TH/PHPOBAHHA YA2€TCA THAPH
OBaTh
H aJKHHBl A0 a/IKeHOB: Pup JHeH

H,
CHa=CH —CH =CH, 1> CH;—CH =CH —CHy

H,

R~C=C—R

PA/PHCO, R—~CH=CH-R

5. Peakumn xompescaumm. Ajxennm u ux NPOH3BOAHBIE MlOAYYAIOT

MPH B32UMOJCHCTBHH ABYX COGIHHEHHH ¢ AKTHBHBIMH rpynuamu (ua- .

npHMep, KapGORUABHON, METHACHOBOH M Ap.). O6inas cxema peakuuu;

R Y R3 R R2
Ne=Xa Ne/ Ne—e/
i S X 0 pi/ S =K o HXY2

[Ipumepsr peakuuu Kongewcauuu BpUBEAeHH Ha c. 278, 447, 458, 559,

3. ®U3MYECKUE CBONCTBA U CTPOEHUE

IlepBoie NPefCTABATEAH TrOMOJOTHIECKOroO psna ankeroB (C,~—C,)
npu OOLIYHEIX TeMNepaTypax NpeicTaBAfior coboft raskl, c.ne,a)?mm:;e
WICHB PAilla — GecuBeTHEIe XHAKOCTH HAH KPHCTALNHIeCKHe BemecTBa
ITUNER H NPONEH uMeIoT CAabHill 3anax. Tlpu yBenuyenuu umucna yme:
POJIHLIX ATOMOS R DA3BETRB/IEHUY LENH 3aMaX CTAHOBHTCH EAKHM pasa-
PaXaiouM CARIUCTYIO OBOIOUKY. ’
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IaoTHOCTE ANKEHOB BhILLE O CPABHEHHIO ¢ AJKAHAMH C TeM XKe JHCc-

70M YrJepONHBIX aTOMOB, GOJbIlE TaKKe KOXDPHIHEHT NPeNOMIeHHA
cBeTa u MoAeKyaAspEasn peppakuus (cMm. ra. 11.5). 3HaudrensHo pasan-
yaeTca peppakuus cBsaed, Hampumep: Re_¢=1,296, HO Rcic =
=4,17, 4TO CBHACTENLCTBYET O GOJBILEH HOMAPHIYEMOCTH ABOHHOM
CBA3M.
TepMOXHMHUECKAs HEPTHA ABOMHOA cBsiaH Ec~c=~615 x[lx/monb
(147 xxan/monb), wTo GONbIlE, YeM 3HEPrHs OpOCTOH (OPAUHAPHOM)
cBAsH Ec_c=344 xx/monp (82 Kkan/Moab), HO MeHbIle, 9eM CYM-
Ma SHEpruil ABYX Op AMHAPBHX cBs3el. ITO 03HAYAET, YTO OJHA U3 CBA-
el 1BOHHON TBA3H MOXeT GhITh pasopBaHa Jerye, yeM cesss C—C.

Jiunoasnuit MOMEHT 3TH/IEHA PaBeH HYJIO, COeLHHEHNEe HenoaApHO.
Ho cuMMeTpHYHO 3aMelleHHBIE AIKeHH 06J1a1al0T HeGOMbIHM RHIONb-
HHIM MOMEHTOM, HX MOQJEKYJbl NOSPHH, HAIPHMEp:

CH

™NC—CH, p=164-10-% Ka-u (0,49D).

CHy”

310 03Hayaer, YTG METHJBHbEE TPYANH H3MEHSIOT pacnpeneaeHue 3aeKT-
POHHO# NMOTHOCTH B XABOHHOK CBA3M. MeTHAbHAs Tpynna AEHCTBYET
KaK 3J€KTPOHONOHOpHAsA TPYNNa M HNPOABJSET CBOH NOHOPHHIH HHIYK-
Taanuf s@dekt (7). OO6cyxagercs Takxe cBoeofpa3Hoe B3aUMO-
JefictBue O-371€KTPoHOB cBsizeli C—H ¢ m-3jexTponaMu ABOHHONH cBA-
81 ~— TAaK Ha3bBAEMELIR shghexm ceepxconprxcesus (G, N-COMPAKERNNA):

5+
H [ 4

L .Hs
L)
’
&

Lw,
— 2

H
_ HS-)-

_ Moaspusauuio feofiHof CBA3M NOX ACACTBHEM 3J€KTPOHOACHOPHOTO
(D) nau snexTponoakuentoproro (A) 3amecTiTens B o6UEM BIE MOXKHO
H3o6paants (cM. Bpea. 5):

+
[
+

“ 5 8- 8+
SHEN e, om=ch,
7w +M “In-M

Beepenne anku/bHEIX TPYyNn ¥ IBOHHON CBA3H TEPMOAMHAMHYACKY
CTaSHAUIUPYET MONIEKYNY aflkeHa. 310 CIeyeT H3 3HAYeHu# cTanzapT-
HOM sHTaAbOHE (Tenaor) cropauust AH. (cM. Bpen. 6) ajkeHoB u
TenJoT ruApuposanusn (cM. T, [1.4), Yem MeHbule Tensora cropanus
CORAMHEHHA ONMHAKOBOTO COCTaBa, TeM craGuabHee coenuHenue., Ha-
gpuMep, aas CH,=CHCH.CH, AH.=--2719 xlx/mons, a gaa
mparnc-CH,CH=CHCHy AH,=—2707 x/x/Moib.,  AHAAOTHYHO
YMEHDBIUAIOTCA TENJOTH IHAPHPOBAHHS,

OnexTpoHOrpaduyecKoe H3y eHne S1HNEHa NOKA3a/0, ITO FeOMETPHA
MOREKYJIb PE3KO OTAHMAETEA O IIPOCTPAHCTREHHOTO CTPOSHHA ATKAHOB,
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H\o.mm H Monekyaa sTureHa nAocKas, yra MEeXAy CBdA-
c=c_] 1¢" gamu Oausku K 120° (TpHroHanbHBE YIJIH); CBA3b
H @,4’ H C==C Hamuoro xopoue casu C—C (0,154 um).
o . JAna o6bACHEHHA CTPOEHHA MOJEKYJBl 3THJEHA H
SEu—_ RPYTHX aJKEHOB HCMOJL3YIOT THNOTE3Y O Sp2-THEpH-
AU3ALHY 2TOMA Yriepoaa. Yriepoiusifi aToM B 3THeHe 06pPa3yeT TpA ©-
CBASH ¢ HCMOJb30BAHHEM TPeX sp*-TROPUAHBEIX opOHTaned H OAHY 7~
CBSI3b 3a CYeT NepeKpHBaHusA p-opOuraned (puc. 50).
IoBopor 1o ceasu C==C B aKeHaX 3HAYUTEJILHO 3aTPYAHEH, TaK
KaK OH BH3OBET paspylicHue N-0pOUTATIH, a 3TO TpeSyeT 3aTpaTthl aHep-

l{c H H H
AN 5 N 7/

g o=, LT C

H/“ ﬂ\-l . H/ - \H

Puc, 50. Tanu ceazefi B MOJICKYJe STAIEHA

TEH. OTHM OGBACHAETCA CYWIECTBOBAHHE CTAGMABHEIX Huc- W mpanc-
N30MEepOB, KOTOPHIE NEPEXOAAT APYT B APYTa TOJLKO NPH BHICOKOH TEM-
neparype uau npu Y®-o6ayuenuu. -

Hannune oco6olt CBSSH — m-CBS3H —. OOBSICHAET TaKHe CBOHCTBA

4/IKeHOB, KaK NOBHILEHHAA pedpaknys, NOHUKEHHAs SHEPrua OfHol
CBASH, Je€rkas MO/APH3YEMOCTb, SJEKTPOHH Z-0pOHTANA HAXOAATCH
Jasbiie OT aTOMHHX flep, No3aToMy OHM §oJiee NOABHIKHBEL, 3HEPTHA
m-op6HTaNieli MeHblue, 4eM 3Heprus o-opGuraneil. OTPHEB 3JeKTpoRA
OT R-OpOHTaNH TpeGyeT 3aTpaThi MEHBILETO KOJAYECTBA IHEPTHH, YeM
OTPHIB 3JIEKTPOHA OT G-OpGUTaNH.

31;;113/51—13 OTPHIBA 3/IEKTPOHA XapaKTepHsyercs 3Heprieff HoHu3a-
HHR .

SHePrug HOHINALHA HEKOTOPWX AAKEHOB

i CH, HsC CH,
Angen . . . CH: = CH, CH3CH = CH’ CHs e é = CHg CHa —é= é-—-CH.
34, B .. 10,5 9,7 9,2 8,3

DHepris MOMU3ALHM XaPAKTEPH3YET NpPOLecc:
RCH=CHR — [RCH _-_CHR]* +e-

Angenn mmetor Ha 1. . .1,5 3B Goace Huakue U, uem ankanu o
TaKHM Xe YHCAOM YIVIEPOAHEIX ATOMOB, a CJENOBATE/NbHO, SHAYHTENb~
HO CHJAbHEE BHIPAaXKECHHEE 3JEKTPOHOXOHOPDHHE CcBOICTBA. BeeaeHue
METHABHLIX TPYHD 0coB0 GJaronpHATCTBYET NOBKkeHuo SU.

[TonBUKHOCTD T-3MEKTPOHHON CHCTEMHE OTPAXKAETCH TAKXKE B SJIEKT-
POHHBIX CHEKTPaX NOrAOMERHA. MaKCHMYM MNOrJIOWEHHS HAaXOAHTCSH
ApY Goaee naunrbix BoaHax (180. . .200 um), wem y ankaxos. Iorao-
IMeHHe 3NEKTPOMArHHTHOTO H3JY4eHHS B 3TOM Cly4ae CBA3aHO C BO3-
OyXAeHHEM T-3JEKTPOHOB. NIEKTPOH €O CBSI3HBAOWedi N-opGurtanu
NEpPeXoIUT Ha PaspHIXJAIOULYI0 N-0pOHTanb. Takoll 3MEKTPOHHLIA ne-
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pEXOA 0f03HauaeTcst Kak n—squ’. B BO36yXRASHHOM COCTOAHHR PE3KO
H3MEHAETCH NAOTHOCTH M-3JEKTPOHOB B CBS3H H MOABAAETCA BO3MOXK:
HOCTH cBoGomHoro Bpatnenus no C—C-cpasH.

B KoseGaTeAbHBIX CIeKTPax KpoMe Noryomenysa alkuabHbX IpyIn
Ha6mojaoTes BaJleHTHHEE XoaeGaHHS NBORHON CBS3W TpPH 1640. . .
.. .1660 cm=1 u casels =C—H npu 3000. . .3100 cm™?, a TaK:Ke Je-
dopmaunornLe KoneGanus cpasei =C—H npu 890. . .980 cm~L.

I
B cnektpax ITMP xapaKTepHHl CHHANG NpH 4,5. . .6wm. a. (=C—H).

v

4. XUMHYECKUE CBOMCTBA

Peakuuu aakeHoB 0OGYCJIOBJAEHB NPHCYTCTBUEM ABORHON CBSI3H, KOTO-
pas ferko NONAPH3YEMAa W OGJNAJAET NEKTPOHOAOHOPHBIMH CBOWCTBA-
mMH. Kpome Toro, OHa SHAYHTENBbHO BJAHAET HAa PEAKUHOHHYIO cnocos-
HocTb pacnoaoxeuuwolr pagom cBasy C—H (anaaunpHoe noscxeHue).
[ ankeAOB XapPaKTEPHBI pasixyHble PedKUHH NPHCOEIHHEHNA, OH-
romMepusauuM, NOJAHMEPU3AUUH, OKHCJIEHUA U B OTAGABHBIX CaAydasax
.peaxiuiiu 3aMeileHHs B a])JHAbHOM Nosoxenuu. Ha puc. 51 npusesge-
Ha ofIas CXeMa npeBpauleHuii aNKeHOB. '

H R H R
~. -~ ~ -
Cc=C_ . —_— C==C
R~ “~CHR R~ “SCHR
ALTHALMRBE . ,
paIHKan X
H H R
~
L C\—/c \C-—c/
H R ™ Yo" “ear R LCHR
NC=e( - ORHCTEHME 2 HO H
R chp { ‘
L =0 + o=c_
X-¥ ” : CH,R
H R H H R
H, R S
C=r ¢l —C— C—C—C—C—
R 4 cnr I R I A
'y 2 _ R CHRR CHRR CH,R
ﬂ-(OMI’;.':eK\ QaNToMepH 2aUNA, ROIMMERMIGUUR
/ H R
. Y ~ "
RN A LN !:/P‘ /C\ ~ .
—€ C— R ¢ TCuR
R7T Deur B cng !
X y CHR % cH, <N
UHC-TPHCOLIITHEHHS TPAHC-HPHEOE RIEHHE PEEAGHPHT IR AN IS

Puc, 51. Cxema mpeBpaweHnii aakenoB
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1. TunpupoBaHue ankeHoB. AJKeHL! IPHCOENMHSIOT BOAOPOI TOMBKO
B NPHCYTCTBHH KaTaJu3aropa:

Kar,
RCH = CHR 4-Hj —— RCH,CH.R

Karannzaropom cnyxur mukens (I1. CaGatwe, JK. Cangepau, 1899)
i naaruHa (PtO, — karamusarop Anamca).

Peakuus sBasercs sKksoTepMHueckoil (Beiensierca Temnora). Ilpn
CPaBHEHMH TEIJIOT peaKNHH THAPHPOBAHUA AJKEHOB ONMHAKOBOIO CO-
CTaBa HaG/IIO[AETCA TAKOe ABJMEHHE, YTO YeM GOJIbIe aJKUJBHEIX TPy
Y ABOIHOH CBSI3H, T€M MEHbLIE TENI0Ta THAPHPoBanus. Hanpumep, nias
CH,=CHCH,CH, 310 126,8 xI3¢/™M0ub, a 1451 mpanc-CH,CH=CHCH,
115,5 x[lx/Monb. D10 CBUIETEIBCTBYET 00 YBETMYEHUH TEPMOAWHAMHU-
YeCKOH cTabuJIbHOCTH MoJeKya (ra. 11.3).

2. B3aumoJIeiiCTBHE ANKCHOB C 3JEKTPOMUILHLIMH peareHTamu. Aj-
KeHbl TNPUHALJIEXKAT K 3JEKTPOHOJOHOPHBIM, HJH HYKJEODUALHEIM,
pearenram. Bzanmoneiicreue HX ¢ 3/1eKTPODHILHBIME PeareHTaMH IpU-
BOIUT K 0Opa30BAHMIO KOMIVIEKCOB M HPOAYKTOB IPUCOEIMHEHHS K
JABOHHOH cBA3H. B HeKOTOPHIX C/y4asX NPOTEKAET OJMIOMEPH3aLHA H
nosuMepusaurs. ANKeHbl B3AaUMOAEHCTBYIOT € HEKOTOPBIMH CHJALHBLIMH
KHCJIOTAMH  (ra/loreHBONOPONaMH, CEePHON KHCJIOTOR), ¢ KapGoKaTuo-
HaMH, raJoreHaMu ¥ HOHaMM MeTaanoB. ['mapoGopHpoBaHMe pacecMoT-
pero B ra. XI.A, =

a)Peaxnuu ¢ H-31eKTpoduasamu (CHAbHBMHU
KHCJAOTAaMH). ATKeHbl pPearHPYIOT C CHJBHEIMH KHCJIOTaM#d. Bo
MHOTHX CJAy4YadaX HPOHCXONUT NPHCOEIHHEHHE KHC/IOTHI 0 ABOHHOIM
CBAA3H:

d+ 66—
RCH=CHR-}-H—X— RCHZ—CIHR
X

rae X==Cl, Br, I, OSO,H u np.

Xopowo H3yyeHbl peakUHH NPHCOEAHHEHHS TaJOreHBOAOPOJIOB
(rMnporanoreHNpoBanue) M CEPHOH KHCJOTHL. IIpHcoenuHeHHe raJo-
TeHBONIOPONOB NIPOHCXOJUT KAaK B rasoBol ¢ase, Tak U B pacTBopax,
Ha CKOPOCTh PEAKUMH 3HAYUTENbHO BJAHSIET NPHUCYTCTBHE COJICH THXKe-
JILIX METaJsJIOB.

B ciydae HecMMMETDHUYHEIX AJNKEHOB BO3MOXKHBI JIBA HANpPaBJCHUS
IPHCOCIMHENHA KHUCJOTBL. JTH peakiuu noapo6Ho usyuua B. B. Map-
KOBHHKOB H IPHIIEJ K BHIBOLY, YTO B GOBIIMHCTBE CJIyuaeB HalpapJe-
HHE NPHCOEAWHEHWs IMpeonpeneasercs CTPoeHHeM ajakeHa. Ilporon
NPHCOCAMHAETCA K TOMY YIJIEDOLHOMY aTOMy, Yy KOTODOrO MEHbIIe yr-
JIEBOAOPO/IHEIX 3aMeCTHTENeH (K «Gosee THAPHPOBAHHOMYY) ~= [PABHJIO
Maprosrurosa (1870):

RCH =CH,--HX — R?H —CHj
‘ X

Ira HaNpaBJIEHHOCTDL JIETKO OGBACHSIETCA KJACCHUECKOH SIeKTPOHHOM
Teopuedl. MoJieKy/a HeCHMMETPHYHO 3aMelleHHOrO ajKeHa SIBJseTcs
NOJIPU30BAHHON, & aJKU/IbHbIE T'PYNNBl KAK 3J1EKTPOHOJOHOPHBIE 3a-
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MECTHTeNI ONpPESAeNsT Hanboaee BepOATHOE MECTO MNPHCOCAHHSHHA
poToHA:
Y Ve NIl L o
CH;>CH=CH: ++ H—X > CH;,—(IJH— 3
A X

Tak Kak aJKH/bHblE TPYNOBI ABAAOICA CAabBIMH JIOHOpAMH, Ha-
NPABJEHHOCTh PEAKIMH NPHCOCAHHEHHS MOXKET MEHSATbCA B 2aBHCHMO-
CTU OT yCJOBHI peakuui, pacreopuTens, COOTHOLIEHHs] KOHLEHTpaLUi
KOMIIOHeHTOB, TemIepaTyphl. Peakuuu co CBOGOAHOpafMKa/bHLEIM Me-
XaHM3MOM MAYT «IPOTHB NpaBuia MapKoBHHKOBa» (cM. ¢. 118), Tak xe
KaK peaKkiuHd aJKEeHOB, COAepXKallHX 3/EKTPOHOAKLENTOPHbIE 3aMecTU-
TeNu:

5+ ,
Al?:x?= CH; (A = €N, NO;, COR)

MexagusM peakiHH NPHCOSTHHEHHST OGbIYHO TPAKTYeTcs KaK HOH-
Hell. TIpncoemuHenne NPOTOHA BbI3biBaeT OOpa3oBaHHe KapOOKATHO-
HA, KOTOPHIY NpPHCOENHHSIET AHHOH:

8 8-~ +
RCH =CHR+H+—~X — RCHg—-)C{IjR -— RCHQ—(llHR
' X

Onnaxko ofpasoBaHue cBOGOAHBIX KapOOKATHOHOB BBHAY HX 60Jib-
IIOH PeaKUMOHHOH CIOCOGHOCTH, 3a HCKJIOUEHHEM mper-KapGoKaTHo-
HOB, ABJSETCA BeCbMa MAaJIOBEPOSITHBIM IIPOLIECCOM. .

[MpucoenuHeHHe MOXKHO paccMaTpuBaTh KakK TPHMOJEKYJSAPHBIH
npouecc, B KOTOPOM OJHA MOJEKyJa KHCJAOTH MOJNSPH3YET I-CBA3h
ajikena oOpasoBaHWeM fi-KOMILIeKca (KOMIJIEKCa ¢ MepeHocoM 3aps-
Ja — KII13), a Bropas MoJeKyJa KHCJIOTHl JA€T aHHOH:

5+ b LY Vi HX
RCH=CHBR + H—X _— RCHTCHR —
8+ 6~
H—X
S—V“I' 5+ oy
{__x H H X H
sh T~=sk A
e—» RCH==CHR +—> R—C—C—R
P x_
S+ A5~ H H

Bo3MOKHO TaKKe NPOMERYTOYHOe o0pasoBalue MOHHLIX Hap.

IlpucoesuHeHHE CHIBHBIX KHCJIOT B NPHCYTCTBUM JIPYTHX aHHOHOB
HJIH HYKJICODHIIbHEIX YACTHIL MOXKET IPHBECTH K CMECH NPOAYKTOB {co-
npsKeHHoe IPHUCOENHHEHUE):

8-
RCH =CHR —1—61-1‘——-)( + MY — RCHZC‘HR—l—RCHzCIHR
X Y

B ciydae peakuuil THAPOraJoOreHHPOBAHHA BO3MOXEH MOJIEKY/sAp-
HbIll MeXaHH3M TPHCOEJMHEHHH, B KOTOPOM IOJIHOCTbIO HCKJ/IIOHAEeTCs
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06pa3oBagne HOHOB U PEAKLUHA NPOXOAHT Yepe3 IHKNUYECKOe NEPexol
HOE COCTOSHHE:

<Xy = ¥
. e S3am
RCHS=CHR + 2HX ~— RCHZ=CHR ~—% RCH,—CHR

Mexaunsm peakuun onpesensercs MHOTUMH dakropamy, ocoSeHHO
TOAAPHOCTBIO PEAKIHOHHOR CPefhl H CTPYKTypo#i ankena. B moasp-
HbIX PaCTBOPHTEARX JOMHHHPYIOT HOHHBIC MEXQHH3MEL, 2 B HEHOASPHHX
PacTBODHTeAAX H B Tra3oBok (ase — MOJNEKYATPHHE MEXAHH3MEL.

Boablloe 3HAYEHHE HMEST PEAKUMS ANKEeHOB ¢ CEPHOII KMCAoTOM,
B KOTOPO# 06pasyioTesi afKHACYAbQaTh:

6+ 65—
RCH =CHy - H—OSO4H —» R ~CH —CH,
0S0.H

Ilpn BaaumosieficTBHM anKHACYABHATOB ¢ BOZOR NPOHCXORMT THA-
POH3 M OGPA3yIOTCA ANKAHOAH (CNHPTH): :

R—CH--CHs+H,0 — R—CH—CH,4H,80,
SO;H H '

Takum ofpasoM, cepHas Kuc/ioTa cuocoGeTByer NPHCOCANHEHHIO BOIH
K ankeyaM. Mnxparanua ankeHoB ocyumiecTBaseTcs TakxKe B NPHCYTCT-
BitH KHCJIOro Kataansartopa. Ha stix peaknnax ocHOBaHH NpoMuLusieH-
HEIe METOH MONYYeHHSA CNHPTOB U3 afKeHOB (283 u 295).

HeficTBie CHIBUBIX KHCJOT HA Pa3BETBACHHBE ANKEHH, CNOCOGHHE
00pa3oBHBATL TPETHYHBIE KAPOOKATHOHH, BM3MLBaeT HX onuroMepHaa-
unio H nosHMepHsaumio (cM. ¢. 119). '

6) Peakxuuu c C-3aekTpoduaamu. Ankens npy-
COSLHARIOT cuAbHEE C-3J€KTPOGNMN, HanpHMEp KapGOKAaTHOHH, Ko-

TOpHIC FEHEPHPYIOTCH B PEAKUHOHHOH cMecH OOHYHO B BHle MOHMBIX
nap: '

R—ca=CH + RTY" — n'—fiﬂ——-cm—l;
-

B pesynnrare npucoeaunenns o6pasyercs HOBbl Kap6oKaTHoH,
KOTOPH NpeTepnesaeT AanmbHelluue npeppameHnd. Takol npouece
AEKHT B OCHOBE NONHMEPH3IAUUH 3/IKEHOB MO KapGOKATHOMHOMY MeXa-
nu3My {cMm. c. 119).

B) FanorenupoBaune AIKeHH JErko MPHCOSTHHAIT
rasorennl X, (X=F, Cl, Br, I}. Ouenp sneprugno, aawe co B3DHIBOM,
pearupyer F,, MeunerHo pearupyer I,. 3ro cornacyeres co CPOACTBOM
K 3neKTpory (C3) MONEKY/ raioreHos:

Fanores ,....,.... F Cl Br I
€398 . .. il 3% 25 28 1%

Kpoxe Toro, npu o6pa3osannu cansu C-—F BHCBOGOKAAETCH SHATHTE -
no Gonbie sneprun (AHc_ g =443 k[lx/Moan), wem npu ofpazopa-
in ceasu C—Cl (AHc.c=328 klx/mons) (cM. Bael. 6.2).
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B pesy/ibTaTe peakuun ofpasyiorcs muranoresankanbl. Ilpucoenu-
HeHUe B OOJBIIMHCTBE C1Y9aeB NPOHCXOAHT NPOCTPAHCTBEHHO H30upa-
TeAbHO — cmepeoceaekmueno. CTepecceeKTHBHON Ha3nBAKOT TaKyio
peaKuuo, B KOTOpoll XHMHYECKHE H3MEHEHHA NIPHBORAT K NPEHMYLIECT-
BEHHOMY OGDa30B2HMIO OAHOTO H3 JIBYX WJIH HECKOJBKHX BO3MOXHNX
APOLYKTOB, KUTOPEE OTAHYAKTCA TOJNBKO cBoeli crepeoxumuefi. Ato-
MHl TANOTEha MPUCOERHHAIOTCHA TONBKO B MPANC-TIONOXKEHHM MO OTHO-
IIEHHI0 K TWIOCKOCTH MOJEKYJNH aJKeHa (mpanc-NpucoeiHHEHKE):

H
X
N R,
E: + X3 —
B \R X/ﬁ\R

Bonee HaraapHo 310 BHAHG Ha dopMyaax Hsiomena:

X .
R H
O e —
H R
X

CTepeccenekTHBHOCTE PeaKiHH OOBACHACTCA NPOCTPAHCTBEHHEM
ZeficTBHeM MoNeKyssl rasorexa. JIokasaHo, 4TO NMPH B3aHMONEHCTBHH
aJKeHOB ¢ rasoreHamu ofpasyerca KII3 (n-Komiuiekc), B KOTOPOM H3-
MSHEHO DaCNpeAe]eHHe MEKTPOHHORA IJIOTHOCTH 1O ABOAHOM CBA3M.
[aabHéfmne npeapaulenus RoMIeKkca Mexee acuw. Ilpeanonaratot,
YTO N-KOMIIEKC MOMKET HOHH3MPOBATLCA H MNOC/Ae 9TOro caeiyer HyK-
JIeOQHIbHAA ATaKa aHHOHOM FaJOT€HAa ¢ MPOTHBONOJIOAKHOH CTOPOHKL:

. R H R H R H

R\ I/H 8} ’/ ' \(,( / \Cf"’: %

. C c s & v _ SN
[ +% == % == [*%x = |

. C 3 ‘. A
X~

AN wf \r i e 2

' K03 ’“"',’.'.:.“"“ . nmmmu%on;l

Tpu nonusanuu ofpasyerca KII3 aaxeHa ¢ NONOKHTENbHO 3aps-
eHHHM rajoresoM X+, KOTOPHIA HHOrla paccMaTPHBAeTCH Kak Tpex-
YJeHHHA TaJoreHOHUEBH! [HKJI.

Ecau peakuus NPHCOSAHHEHHA NPOXORMT MO cBOGOAHOPAAKKAL-
HOMY MeXaHH3MY, TO CTePeOCeNCKTHBHOCTb He Habaiofaercs, monayda-
{0TCS TIPOAYKTH XaK mparc-, TaK H yuc-Npucoefunenus. Paaukann-
HbII MEXAHH3M BBISHIBAGTCHA OCBEUICHHEM, NPHCYTCTBHEM HEPOKCHAOB
n Aap.

IHanoreﬂupoaanue ANKEROB B NPHCYTCTBHY RPYTHX ARHOHOB HIH
HYKneou/I0B BEACT K CMECH NPOAYKTOB PeaKuuH, COAepKalledi Kak

113



LMFANOreHPOH3BOJHbEe, TaK H CMeIlaHHbie NMPOAYKTH OPHCOSAHHEHH
(conpsKeHHOE NPHCOCAHACHHE): :

H H
R NP NG
I XMty — + +M+X -
H” \R x/|\R Y/I\R
H H

Hanpumep, npe XAOpHpOBaHHHM AJKEHOB B BOJHOM pactsope ofpa-
3YIOTCH XJIOPIHAPHHE! (XJOPANAKAHOMH):

00—
R~CH =CH,4Cla+H,0 — R —(I.‘.H —~CH,Cl+4+HCl
OH

Sra peaknus MoxeT GHITb PACCMOTPEHA H KaK NPHCOSNAHEHHE XJ0p-
HOBATHCTONA KHCJOTHI, KOTOpas o6pasyeTcA B BOAHOM pacrsope XJopa
(Cl;+H,0=HOCI+HCl): :

6~ 8= &+
R—CH=CH3++HO~—Cl —R—CH;—CH.Cl

H

rY BaauMmopge#icTBHEe ¢ HOHAMH MeTadlOB.
AnKenn! 06pasyioT M-KOMIJEKCH! ¢ MOHAMH METa/lIOB, COAepXKallhx
Hesano/IHeHHHe OpOHTaNH, HanpHMep:
CHy=CH,+PdCly—CHy=CH,.PdCl,
CH, =CH;+K3PtCl, — KPtCly(CHy = CH,) 4nKCl

coni Lefise )

O6pazoBaHne TaKHX KOMILIEKCOB 00BACHAETCA AOHOPHO-aKLENTOP-

HbIM B3aHMOJEHCTBUEM, rAe aJKeH BHCTYNAer B KauyecTBe 3J]eKTPOHO-

S+CH, JOHOPA, @ HOH MeTa/AJa — B KAuecTBe 9JeKTPOHOAK-
+8

=M™ . nentopa. B pesyabTaTe B3aHMOIRHCTBHA H3MEHAETCA

O, xapaKtep caad C=C, Ha yI/iepoAHsHX aToMax HOSBJIs-

% - xOMIIKS €TCA HEeKOTOPHH 3xpeKTHBHBIH MOJIOKHTESIbELE 3apAL.

XapakTep CBA3H B T-KOMIIEKCAX METAJJIOB C/I0XKeH. 3/lech OCYLIECT- |

BJIAICTCST TaKXKe NOTOJAHHTeNAbHAS JaTuBHaa ceask (ri. X.J.3).

B ofpasoBaHWH R-KOMIJIEKCOB ¢ HOHaMM, a TaKKe aToMaMH Tepe-
XOZHRIX METAJNIOB aJKEHH BbICTYNAIOT B KAYCCTBE JABYX3/eKTPOHHOIO
auragga (ra. X J1.2).

n-KoMusiexcsl ajqkeHoB MOTYT GHTb MPOMEXKYTOYHBIMH NPOLYKTaMH
BO MHOTHX BaXKHBIX PeaKIMsiX.

Oco6oe MeCTo 3aHHMAIOT PeaklUH C CONAMH pTyTH. B npucyTCTBUHH
BOAH OOpasyercs NPOAYKT CONPAKEHHOr0 NPHCOSAUHEHHA — PTYTh-
oprarugeckoe coepunense (r4. X.B.3) ¢ raapokcHAbHOR rpynnoH:

OH
8-
R ~CH =CH,+Hg(OOCCHy).+H:0 — R = éH—CHngOOCCH3+CHaCOOH

3. Cappodopmasupoeanye ankenoB (oxkcocHnTes). AJNKeHH pearu-
PYIOT ¢ OKCHAOM YTJIepoza I BONOPOAOM 10X AABJEHHEM B MPHCYTCT-
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BUH KOoBaJbTOBHX KaTaaH3aTopoB. B pesyabrare peakuuu 06pa3}’10fl'(:}l
adbieruapl, B OTAGJABHHX CAy4asX KETGHBI:

Kar.; 90-150 °C O
CHa=CH,y+CO + H, -m—a—»cmcﬂgc{ﬂ
Peakuus Onaa orxpura O. PosneHoM Dpn HCCMEAOBAHHH Npolecca
Oumepa — Tponuia B npucyrcTBru ankeHos (1938) u mMeer BakHoe
MPOMBILINEHHOE 3HAYEHHE.

Kara/ii3aTOpOM OKCOCHHTe3a OCBIUHO fABAACTCHA MeTaNIMYecKn i
KoBanpT, OCAKICHHH HA NOPHCTOM HOCHTENE, HAH COMH KobaJbTa.
IMokasano, 9TO JeHCTBYIOUUM KaTajNH3aTOpOM siBasercs Terpakap6o-
unaruapuA Ko6aasta HCo (CO),, KoTOphi 06afaer KHCALIMH CBOHCT-
BaMu {110 KHCIOTHOCTH HaxomutcA MexAay HNO; u HCI):

HCo(CO), == H* ~Co(CO,)

Mexatid3M peaxunu raapofopMAIHpOBanus cirowed. fIpeanonaraior; uare
TeTpakapGOHHATHAPHA KOGANSTa MOKET NPHCOLAHHATLCE K ABofiHON cBASH Kak
CHAbHasg EHCAOTA:

HCO(C0)4+CH2 =CH; —» CH3—CHy—Co(CO)¢

Bropofl BOSMOXHEA NyTh — 06pasoBaHHe F-KOMNAEKCa M BREiPEHEE K=
na no cpsed H—Co:

HCo(COy, + CHy=CH; === HCo(CO)3 + €O ~— CHy—CHy—Co(C0)s + €O
: CH:=CH:2 )

OfpaayercA K0SaASTOPTaHHYecKoe COCAUHEHHe, o ¢BRak C—~Co KOTOPOro MOXeT
REEAPATHCA MOJEKYAA COs

: : O
CH;—CH; —Co(CO); +CO — CHs——-CHa—C<CO(CO)
3

Bro coef HHeBHe (ANAANPONIBOAHOE KOG2ILTTPHKAPOOHHAA) pacmMennsercd TeT-
PakapGORHATHAPHAOM KoGaabTa:

O o
CHy—CHy~CZ o0y, FHCPOON — CHsCHa—CL -+ CoiCO,

KaTalH3atop B YCJAOBASX PLaKUHUH pereHepHpyeres:
Cos(CO), +CO+-Hz — 2HCo(CO)4

Peakuua THAPOPOPMHAHPOBAHHS LIMPOKO HCNOABL3YETCA B TIPOMBIIL-
JeHHOCTH AAd NOAYYeHHA aJbAEIHAOB, 4 TAKIKe NEPBHYHBIX CIIHPTOB.
Hanpumep, H3 NpofeHa nouy4aior MACRARKNR H HIOMACNAHBIA aJbjie-
rUAL!, THAPHPOBAHHE KOTOPHIX AACT CHHPThHI:

CO, H, Q (]

= 4 Y/

CHy —CH = CHa —5> CHiCHiCH,CL_ +CHCHCL
H, | Nt Hy
H,|Ni

CH4CH,CH,CH,OH CHCHCH,OH
OyTHAOPWE corpP H
3

w208y TunenwA cnnp?
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[Tpu moBHIlIEHHH peaKUHOHHOM TEMAEPATYPH OKCOCHHTE3a MOXKHO
NOJYYdTh CUAPTH 6e3 BHAENEHHS aAbJETrH/0B. -

4. Peakusiyl OXMCAGHHS &NKEHOB.  AJXeHBI JETKO OKHC/AIOTCS.
B 3aBHCHMOCTH OT OKWC/HHTEN H YCJIOBHME peakilnd o6pasylorcs pas-
JHYHbIe APOAYKTH: ABYXATOMHHIE CIHPTH (IMNIHKOMH), SAOKCHAH, AMb-
JACTHIBI, KETOHb, KapOOHOBHE KHCAOTH. O6RUYHO OKHCAATENH B3aHMO-
BeHCTBYIOT ¢ ABO#HON cBR3bl0. B onpenenennbix yCAOBHAX OKHCIEHHE
3aTpar¥BaeT a/VIHJIbHOS HOJIOXKEHHE.

a) Oxkucanenne KMnO, n CrO,. ANKeHH OKHCASIOTCH
KMnQ, B BoaHuX pacrBopax B caabomenounodi cpege. duoneroentit
PacTBOp MeHseT OKpacKy, BHAeNAercs KOpHuHeBHl ocagox (MnQO,)
(peaknusa «Ha HeHACBIUEHHOCTH»). B peakumu o6pasyiorcd TIHKOH:

CH=CHR ——03 '
RCH =CHR o RCH—-(':HR
H OH
Peakuust 6ui1a otkphita E. E. Barnepom (1888). Ara peaknus npo-
HCKOAHT CTEPeoCeseKTHBHO KaK yuc-npucoegunenne asyx OH-rpynn:

H
R H R H Ra { OH .
\ﬁ/-l- q\lfo —_— \?/--")‘n,o Lo N + Ho\un’ ?

C —g+ —~— No-kt No-xt
WA o ok n/c\no 07K n/n;\o“ B~ N0k
H
2 o\un“zz e T KMOL+ M0, + ZH:O\

[Tpu Baaumezefictann ¢ CrQ, B pacTBope yRcycHOR KHCMOTH ajiKe-
HWl pacilienHIoTCs Ho ABOAHOMA CBA3M ¢ 06pasoBaHHEM A/bAETHAOB HJIH
KeTOHOB. B ycnoBUSIX peakiuhyn aibRerMAH OKHCAAITCH Zajblle A0
KapOOHOBRIX KHCJOT:

R. R ¢0, R R c¢ro, R
e —_— ./ — \ - q— / .__.’_, \ —
R/C C\ ",C_O-[—O-_C\ /C—0+RCOOH

6) OKdCNeHHEe AEPOKCHKUCAOTAMA H KHCJO-
P 0 A 0M. AJKeHB JErXo pearHpyloT ¢ NePOKCHKHCIOTAMH, HanpuMep
¢ nepoxcibensoiitoft Kiucaorolt (c. 597), U 06pasyOT SNOKCUARL: .

— RCH —CHR +C¢H;COOH

0
RCH =CHR 4-C,H,¢Z
“0—0—H No”

Peakwwio orxpeia H. A. Tipunexaes (1909). Ilepokcutensofinag Kic-
JI0Ta 9acTO HasHBaeTCR peazenmom I[lpurexcaesq.

Tpn B32MORENCTBHH aNKEHOR ¢ KICIOPOLOM MM BO3IYX0M B NpH-
CYTCTBHH KaTaJun3aTopa TOXKe MOTyT GHTb NOAYUEHHl IMOKCHABL:

0,
RCH=-CHR e R(E{‘lo—/CHR
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Ora peaxuus HAlULIA NPOMHILLTEHHOR APEMEHEHHE ANA TMoayYeHHS
CKCHAA 3THAEHA.

B KauecTBe oXuCAHTeJel MOTYT OLITh NMPHMEHEHH TaKiKe ruapone-
POKCHAG! B MPHUCYTCTBHN Karanusatopa {c. 337).

B) O30oHHpOBAaHKeE AJKEHN OYeHb JIETKO Pearipylor ¢
O30HOM M O3pa3yloT B3pHIBUATHIE HAPOAYKTH TNPHCOCAHHEHHA — MOJb-
O3CHWIBL H O30HHIBL

0O
(I)/ \.0
!
RCH=CHR+ 03 — RCH — CHR
NOJIBOIQHHA |,

Mosb030HKA FAEPErpyRNHPOBLHIBACTCH ¢ PaspHBOM CBA3N C-—-C B
030HHA. B 3aBHCHMOCTH OT THNA 3aMeCTHTENEH 030HHAM MOTYT lMeTh
1UECTH- HAW NMATHYISHHHN UK.

O
_ /N
Rue/ 0% e R R\,c./ %
H/ ~0—0/ “H R N0—0/ Rt

QVACHHAH

O30HRAN RPH BAAHMOASHCTBHH C BOXOM THAPOJNH3YiOTCA ¢ 06paso-
BanueM KapGonnabHuix coefuneruit (RCHO u RR’CO) n nepoxcuaa
BOJIOPOZIA. )

Peaxkuuioc 030HHPOBAHHS HCHOL3YIOT APAKTHYECKH IJIA YCTAHOBJE-
HAR CTPOEHHN aJIKeHA, TAK KaK 030H DacIefasieT MOJEKYJy aJKeHa
CEeJNEKTHBHO MO MeCTy JABOHHOH CBSASH.

r) OKHcaenne B IPHCYTCTBHH COJNEH Ra1aa-
A X 2. AJKeNW B NPHCYTCTBHH CoJiel ManNajdsi pearBpyIoT ¢ BOACH ¢
o6pasoBanueM KapOORHALHEX coefHHeHH# (aJbIerugel HJIH KETOHH)
1 Mertaanuveckoro najnaaus. Parrhuyecku Pd(II) okucaser aaked,
Bpeppamasch B Pd(0):

0
CHa=CH,y+PdCl; 4 H;0 — CH, —C<H +Pd4-2HCI

STHNeH

Hagectro, uro stuaed ¢ PdCl, o6pasyer n-KoMiaeKce, KoTophiit co-
JEPXHT AKTHBHPOBAHHYI0 XK HYKJCODHJLHHIM peareHTaM ABOHHYIO
cBa3b. BoaMoXxHO NpHECOeAAHEHHe BOAH H o0pasoBaHie HaMIaauiop-
FaHHYECKOTC COEARHEHHA, KOTOPHH pacrajiaercs Ha YKCYCHSHIfl aabje-
THA (uepes eHONBHYK GOpMY — BUHHJOBBIH CNHPT) H Hajananui:

/H ,;l
Ha} c,/“ \c/ ; pdCt on
- 2
,o/’-\“ll—'ma —_— a” — g + P4 + 2HQ
e N '
B g Ny B4 { ™ Ho” l\ﬂ
H*
CH:_cfo
X -XOMILICKC "'-.H

Sra peakuua YCOBEPIUEHCTBOBAHA /0 HPOMHILIEHHOro cnocoda
NOJYYEHHA YKCYCHOTO albAcruaa H3 athaeHa. JoGaBaewneMm X peak-
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nuonHoft emecn CuCl, nocTHraercst Bo3BpatT nanuaius B peakuuo. I[Tpo-
nyBanueM Boanyxa peredepupyerca CuCl, na CuCl:

Pd--2CuCly — PdCl; -2CuCl
2CuCl4-2HCL+-1/,05 — 2CuCly -+ H,0

Takum o0pa3oM 3THJAEH OKHUCJAAETCS KHC/JIOPOJOM B BOJHOM pacTBOpe
B npucytcteun coseii Pd u Cu. )

5. BaaumoneiicTBHe aNKEHOB CO CBOGONHBIMH pagMKajamu. AJKeHbl
HNPHCOEUHSIOT CBOGOJHBIE pajuKa/bl ¢ o6pa3oBaH#eM HOBOTO cBOGOI-
HOIo aJKHJIBLHOTO PajHKaJfa, CIocOGHOTO BCTyNAaTh B JadbHEHIIIHE peaK-

LIHH:
CH2 :—CH —['-R' —_— !CHZ TCH2R

|cH.=CH, JHR IR | -cH.CH,R
\CH,CH,CH,CH,R CH,CH;R+R+ RCH,CH;R RCH,CH,CH,CH,R

MoXeT NpOHCXOAUTE PEeKOMOHHAIMS paiuKajoB, OTPEIB BOAOPOJ-
HOTO aToMa OT APYTHX MOJEKYJ TPH NMPHCOEIUHEHHH aJKHALHOIO pa-
IMKAaNa K MOJIEKYJe aJKeHA. JTUM HAaYHHAETCH IPOLECC OJIHIOMEpH-
3alMA H TOJHAMEPH3aUHA. BO3MOXHO TaKXKe JUCIPOTNIOPLHOHHPOBAHHKE
ankunbHoro papukana: 2RCH,—CH,-—RCH=CH,+RCH,—CHj,.

Haupap/iieHue NpHCOENUHEHHA CBOGOJHOTO -PajdKana K MOJEKYJe
HECHMMETPHYHOIO aJIKeHa 3aBHCHT OT CTaOHJBHOCTH ofpasyolierocs
HOBOIO CBOOOJAHOTO AJKHJABHOIO pajgukana. Bosee cTraGHABHBIMH SIB-
JSIOTCS Te aJKVJIbHBIE DaJUKalbl, KOTOPble HMET GObIIyI0 pai-
BETBJEHHOCTb. Tak, npucoepruHenne HBr 1o csofoxnopaiukanbHOMY
MeXaHu3My K IIPOTIEHY TIPOHCXOJUT CAEAYHIILHM 06pasoM:
H—Br — H.--Br.

CH3—CH = CH, 4 Br« —» CH;CH — CH,Br
(o6paszosanue CH,CHCH, MeHee BEepOsTHO)

I
Br

CH3 — CH— CH,Br+ HBr — CH3—CHy—CH,Br - Br«

[Mpucoegunenye NPOUCXOAUT TPOTHB NpaBWjJIa MapKOBHHKOBA.

B pesyabrare npucoeaunennss HBr x nponeny no aBym pasiH4HBIM
MexaHH3MaM ~— HOHHOMY H  CBOGOZHOpaANKAaJIbHOMY — o0pasyercs
JIBA pa3HbIX NPOAYyKTa NpucoeluHeHua: 2-GpommponaH u 1-Gpomipo-
maH. 310 SAPKHH NpUMEp BJAHAHHA MEXaHH3Ma PEAKUHH Ha CTPOeHHE
o6pasywomuxcsa NPOAYKTOB.

6. Onuromepusanusd W NMOJUMEPH3ANMUA AJNKEHOB. AJIKEHBI CIIOCOOHE

NPHUCOETUHATRECA K JBOHHOH CBf3H, T. €. COGAMHATRCA MeXAy coboil ¢’

o6paszoBaHueM JJIHHHBIX LETeHd U3 yIJIepOJHLIX aTOMOB. OTH peaKlHH
OJIHTOMEPH3ALMH (IMMEPH3ALMH, TPAMEPU3AUNH, TETPAMEPH3AUUH U
T. JI.) ¥ NOJUMEPH3AIHH OCYIIECTBJIAKTCA TOJIbKO B NPUCYTCTBHH JADPY-
THX BeIIECTB, MHHLUHPYIOMIUX 06pa3oBaHUe AKTUBHBIX NPOMEXYTOY-
HBIX "acTuy, (KapOOKaTHOHOB H KapGaHHOHOB, CBOGOAHBIX PaJUKAJIOB),
H B OCOGBIX YCJOBHSIX.

MoxHo HamucaTh ofilyl0 cXeMy OJIHrOMepH3allid M IoJuMepH3a-
I[UH, HO OHA ABJAfAETCS YHCTO GOpMalbHOH, TAK KaK He oTpa)kaeT mexa-
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nu3ma:
H H
R—CH=C{ 4 >C=CH,; —» R==CH=CH—CH=CHj,
NH ' R/ |
’ H H R
R—CH=C{ 4+ DC=CH=CH—CH; —
NH R/ |
R
— R—CH =CH—CH —CH,— CH —CHy
| |
R R
H H
R—CH=C< + >C=CH— [—CH—CH, —]— CH—CHj; —»
H R [ I ] |
R n_iR
—>R—CH:CH—[—CH~CH2—]—CH—CH3
| -
R n R

a) lonvumMmepuUusauusa B IPUCYTCTBHH KHCAOT.
B npucytcTBunm cepHOH KHCJIOTHI CNOCOGHBI OJHIOMEPH30BATLCA HJIM
NOJIAMEPH20BATLCSI TOJALKO a/JKeHbl ¢ HEeCKOJIbKHMH JIOHOPHBIMH aJi-
KUJIBHEIMH rpynnamH. Brepsele onnromepHzanuio u3oGyTH/AeHA B NPH-
CYTCTBHH cepHOH KHUCJIOThl Habmwpaan A. M. Byraepos. B saBucumoctn
OT KOJHWYECTBA CEPHOH KHCJOTHI H TEMNEPATYPH MOXKHQ MOJYYHTh JH-
Mep, TpuMep WM nosuMep, IlpucyrcrBue cepHOH KHCJIOTH BBI3LIBAET
obpa3oBaHue mpem-SYTHIKATHOHA, KOTOPEIA NPHCOSAUHSETCA MO JBOH-
HO# cBA3M H300yTHJIEHA:

Hitﬂ ~ b= CHa~_+
~c=cH, + ut == Sc—cH,
HJC\} CH; :
_ CH, CHa .
BO -—’Ei{ " ¥ - SN cn SC=CHy
, £ — —_— — CH,—C—
B 2 G- 3 CH,~ 2 CHy ~—————— Fpumep
CH3
o CH,
I
_C=CH—C—cH; + 1t
CH;
CHj;

2,4,4~TpuMeTHADEHTEN-2
(anu30GyTUNEH)

Hanenefinas noiumepusanus NPUBOAHT K NOJHH300YTHIIEHY

. CH, CH,
3 | |
. >C:CH— _cl_CHz_ — C—CH,
3 I
CH3 n CHa‘

NoAnH306yTHAEH

Tpem-xapGoKaTHOHEL OTHOCHTENBHO 6oJiee CTaGHJABbHBI, YeM BTO-
pHUHbIE H NEPBHYHBIE BCJEACTBHE 3JEKTPOHOJOHOPHOTO JEHCTBHA Tpex
aJMKUIBHBIX rpynn. [losromy mpem-KapGoOKaTHOHE MOTYT 06Pa30BaTh-
¢ B PeAaKIHOHHOH cpeje B GoJblIeHl KOHIEHTPALMH IO CPABHEHHIO C
APYTHMH XapOOKaTHOHAMH,
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6) [lonnMepusanuusag B NPUCYTCTBHHU CBOGOA-
HB X PafAMKaJgoB. AJKeHH NOJHMEDH3YIOTCH B INPHCYTCTBHII
aKTUBHEIX CBOGOJHBEIX PaJUKa/I0B, €CJIH CO3AAHBI YCIOBHA LA [1POJOJI-
KEHHS LeMH NOJUMePU3alHu:

) +RCH=CH,
RCH=CH;+X«— R—CH—-CH,X ——m~
. +RCH=CH,
—~—~R—CH—CH;—CH—-CH,X ———m—
[
R
. (n-1) R-CH=CH,
—RCH — CHy;—~CH—-CH;—CH—CH,X —Mmm—————
I |
. . R R
—_— RCH—-CHz—[— CH—CHB—:I —CH —CH,X
[ |
R a R

I_Lem. IoJaUMeEpHU3aluu OﬁprBaeTCﬂ, €CJIH IPOHCXOIUT AuMepusanus
HJIH JHCHPOMNOPIHOHHUPOBAHHUE CBOGOJHBIX painKaJos:

CH,R*
. I
2R —CH—CH;—R! — R—CH—CH—R
|
CH,R?

9R —CH —CH,R! — R— CH =CHR!+R —CH, — CH,R?

Tpyanee Bcero mnoJuMepu3oBaTh stusied. [losumepHsanuio ocy-
IECTB/IAIOT MOJ BHICOKUM faBJeHnem — o 150 mIla (1500 at) B npu-
CYTCTBHH HeGOJBIUMX KOJHMYECTB KHCJIOPOJa KaK HHHIUATOpA CBOGOI-
HBIX DaJHKa/lOB. JTUACH B YCIOBHAX PEaKIUMH HAXOMHTCH B JKHAKOM
cocrofHud. Tak noJayyaioT INOJHITH/EH BEICOKOTO JABJEHHUS C MOJIEKY-
JusipHo#i  maccofi 20 000. . .40 000. DTOT MOMKATH/IEH NPEACTAB/AET
coBoit rubKyo noJynpos3padHyro GecUBETHYK) Maccy c TemMneparypoi
pasmaryenus 112...115°C u nuotsocteio 0,92. . .0,93 r/cm® (mou:
9THJICH HU3KOH MJOTHOCTH):

(n+2)CH, = CHy — CH, = CH —[— CH, —CH, —1,, —CH,CH,

[losnsTH/IeH LIMPOKO HCMNOJB3YETCs B TEXHHKE B KAYECTBE 3JEKTPO-
H30JLHOHHOrO H YNAaKOBOYHOTO MaTepuaja H JJId H3TOTOBJCHHS
Pa3NUUHBIX H31eNHiL (nnenka, TpyGonpoBoasl U Ap.). [Tosmstusien ye-
TOUYHB K BO3JEHCTBHIO CHJbHBIX KHCJAOT U LEIoYed, HO o6/agaeTr HU3-
KOH TEPMHYECKOH YCTOHYUBOCTBIO M MO ACHCTBHEM COJIHEUHHIX Jyyeil
H KHC/IOPOJa BO3/yXa IMOCTENEHHO CTAHOBHTCA XPYIKHM (CTapeHue mo-
JHMepa).

AHaJIOTHYHO NOMUMEPU3Ys [POINeH, NOJYYaloT GECUBETHYIO BA3KYIO
AHAKOCTB C TeMIepaTypod sacThiBaHHs oKogo —35 °C — noaunporu-
JIleH BBICOKOTOQ JABJEHHS:

(n42)CH;CH =CH, —— CH3CH=CH —[— CH—CH, —] — CH—CHj4

| l
CH, n CHj

B) Tenomepusauus Teromepuzanueii HasbIBAeTCS peax-
uds OJNrOMEpHU3alHH aJKeHOB B NPHCYTETBHH BeIIECTBA — Nepejat-
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yuka nend (tesoreda). B peayibrare peakuun ofpasyercss cMechb OJH-
roMepoB (TeJOMepOB), KOHUEBBIE TPYMIbl MOJAEKY.1 KOTOPHIX MpPeICTaB-
JSOT coB60H yacTy TenoreHa. [IpUMEpPOM MOXKET CJAY:KHTh peakuus 3TH-
gena ¢ CClg:

Huuunuatop
CCly —> .CCl; 3apoxfeHue uemy

CH,=CH;+ -CCl; — CH,CH,CCl,
CH, =CH, -+ .CH,CH,CCl; — -CH,CH,CH,CH,CCl4
CCly -+ - CHoCH,CH,CH,CCly — -CCly 4-CICH,CH,CH,CH,CCly mepefaua e

} mpojoMKeHHe peni

HpOJIyKTOM HpHBEAEHHOﬁ pearknui- ABJSETCS CMECh TE€TPaxJ/JOpajJKaHOB!:

Huuuuatop

llCH2 = CHz—I—CCLl E—— Cl(CHgCHZ)nCClg

Peakuusi OCyIeCTBIS€TCs B IPOMBILILIEHHOM Macilitabe, TeTpaxJaop-
anxkansl Cl(CH,CH,),CCl; npu n=3—5 ABIAIOTCA HCXOAHBIMH JJIsI
FHIPOKCH- W amuHOKHCIOT (c. 605, 617).

r) MMoanumepuszauug B NMPUCYTCTBHH MeTa.l-
JOpraHuyecKHUX COeJHHEeHHIN.

AJKeHBl B3aUMOAEHCTBYIOT C TAKHMH METAJIOPTaHUYECKHMH COEIH-
HEHHsIMH, B KOTOPBIX aTOM MeTaj/la uMmeeT cBOOOJHBIE opbuTaH, Ha-
npuMep aJOMHHHE, THTaH:

R2Al—R +-nCHy =CHy — R,A{CH:CH,),R

Ankeun! BHeapsawTesa mo ceasu C—Al u uemb yraepoJHbIX aTOMOB pac-
ter. [Ipu Gosee BHICOKHX TemiepaTypax aJIOMHHUOpraHHyecKue coe-
JHHEHHS Paclajalorcs ¢ OTWENJIeHHeM MOJeKy sl anakeHa (ra. X.B).

Anovununitopranuyeckue coexuienuss B cvecu ¢ TiCl, o6pasyior
Goslee aKTHBHYIO CHCTEMY KaTaJM3aTOPOB, KOTOpas CIIOCOOHA JIerko
OJUMEPU30BaTh AJKEHbl 10 TMOJHAJKEHOB C BbICOKOH MOJIEKYJIAPHOH

.Maccof. AKTHBHBIMHM 4dCTilAMH 3J€Ch HBJAIOTCH THTAHOPTaHHYECKUE

coequnenusi (ra. X.D.1), nanpumep:

CH,=CH,
— RCH,CH.CH,CH,TiClz —

R —TiClg+CH,=CH, — RCH,CH,TiCl;
{n-2)CH,=CH,
i R(CHQCH;)HT1C13 —_— R(CPIQCHQ)H_ICI{2CH2- +T1C13

— JIHcnponopuHoHHpPOBaHHE,
pexonMGHHaui s

OTH KaTau3aTophl OBLTH OTKPHITE M EHEAPEHBI B MPOMBIIIIEHHOCTD
K. Hluraepom u JIx. Harra (1953—1955), nosromy yacrto roBopAar o
xaraausatopax Lluraepa — Harra.

[Toauvepusauus 3THJIeHAa Ha Karanusaropax Lluraepa — Harra
OCYILECTBIAETCS JErKO NPH YMEPEHHOM JABJAEHHH W JA€T IOJHITH/EH
¢ GoJbluofl Mo/ekyaspHo# maccoit (100 000—1 000 000) ¢ Temmnepary-
poit paswsruennst 126—130 °C u maothoctbio 0,95—0,97 r/em®. Irot
[OJHMeD HA3bIBAIOT MOJHSTHISHOM HH3KOrO JaBjeHus (WJIH BBICOKOH
n1oTHoCTH). [Jo CBOUM TEXHHYECKHM CBOHCTBAM OH Jydiue MOJNHITH/IE-
Ha BLICOKOTO JAaBJEHHSI, HO OLICTpee CTapeert.

[Tosnvepusanust nporueHa Ha Xarainsarope lluraepa — Hatra
Jaetr NoAHIpONHJAeH ¢ TeMmeparypoit pasvaruenus 160—170 °C. Ta-
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Koe pe3Koe pa3JHyHe B cBONCTBaX NOJHIPONHIEHA HHU3KOIG M BLICO-
KOro pnasnieHus (TeMmeparypa 3acThiBanHA —35 °C} OGBACHAETCA . He
TO/IbKO YBEJHUEHHEM MOJEKYAAPHOH Macchl, HO TAABHEIM 06Pa3OM
NPOCTPAHCTBEHHLIM CTPOSHHEM MAaKPOMOJIEKYJIB MoJamMepa. '

JUk. Harra npeasupes, 4TO NOJAWMEPB! ¢ PEryAAPHHIM CTPOEHHEM
MaKpOMOJICKYJAH JOMKHL 00AafATE GO/iee BLICOKYMHU TeMIepatypaMy
naasaeHnA. [lonpmepusanysi NpolleHa NOJ BHICOKUM JAaBJeHHeM JRaeT
MaKpOMOAEKYJs! NOJANPONHAEHA ¢ NPOCTPAHCTBEHHO HEperyasprO
pacnonoxennsiMp CH,-rpynniamy (arakrideckuft noaumep). [Tonume-
PH3alIWA Xe Ha KaraausaTope Lluraepa — Harra ocymecrsaserca cre-
peoperyaspHo, CHy-rpynnb pacniosoXXeRH pPeryjasapHO, no OAHOA CTo-
pORE yIviepopHoli LENH (M30TaKTHUeCKHH nonuMep):

s 3 H 3 3 3
VXV ECEPAY:
\CHA/ \Cﬂg/ \Cﬂt/ \Cﬁa/ \CHQ/ \CHQ/

-

| 4

CH. H CH H CH; CH. CH.

N 4 \3 )/ \SC'/H \’ /'H \:’C’/H
C C

Cﬂz/ \'Cl‘lg/ \C.Hz/ \Cﬂz/ \CHz/

.
HIOTAKTHUSCKHR noAHNpON AL’

7. Peakuus nHKIONPHCOEAHHEHHA. AJKEHN CHOCOGHH BCTYRATh
B peakHHH, B KOTOPHMX o0pa3yercs LMK — MIPOHCXOAUT LUMKJIOHpHCOE-
nuxenne (cM. Been. 7.2). .

Peaxunu nofpasjensior B 3aBUCHMOCTH OT YHCJIa aTOMOB, BCTYNIalo-
WHX B o6pasosaHye LUKJA (uHGpH B KBajpaTHHIX CKOGKax):

a) Hukaonpucoeaununenue [2+1]. K sromy TRy Mo-
Tyt GbiTh OTHECEHH PeaXIMH aJKeHOB ¢ KapfeHaMu, B KOTOpHX obpa-
3YI0TCA MPOU3BOAMBIE LHMKJonmponaHa (cM. M. V.A):

H H
A/ X R—C< X
" +;c< — sed
C Y R-=C/ Y
R/ NH H

Otvacte X umkaonpucoepuHennio [2-+1] npmnagnexar peakuun
ofpasoBanun snokcugos (rn. XVI1.B.2).

6) Uuknonpucoenunenune [242]. Numepusaunsa an-
KeHOB ¢ 06pasoBaHHEM NPOUSBOIHBIX LHKAOGYTaHA NPOHCXOAMT TOJbe
KO 10A AefCTBHEM yaAbTPadH0AETOBOrO cBeTa ((hOTOXHMUYECKH):

H R
H H
R\(!;/ +R\%/ ” R_i_i_H
| —p
C ~C—~C—H
7 7S R4
H R
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KOe pe3Koe pasjduHe B CBOHCTBAX MOJNHIPONIJIEHA HH3KOTO H BBICO-
KOro jaBJeHdst (Temmepartypa sacteiBaHusi —35 °C) oGbACHseTCs He
TOJMLKO YyBeNHYEHHEM MOJIEKYJISIPHOIl MacChl, HO IJIaBHBIM 06GpasoM
NPOCTPAHCTBEHHBIM CTPOEHHEM MAaKPOMOJEKYJbl NOJUMEDA.

Hx. Harra npensufes, uTo NOMMMEPH C PEryJsipHBIM CTPOEHHEM
MaKpOMOJIEKYJIBl JIOJKHEL 06Ja1aTh Gosiee BBICOKHMH TemIlepaTypaMH
naasnenust. [lonumepusanus nponeHa NOA BHICOKHM JABJEHUEM NA€T
MaKpPOMOJIEKY /bl  NOJIMNPONU/IEHa C NPOCTPAHCTBEHHO HEperyJasipHO
pacnonoxeHHbIMH CHj-rpynnamu (arakrudeckuit nosumep). [Mosume-
pusauusi ke Ha Karanusarope lluriepa — Harra ocymectBasiercs cre-
peopery.isipuo, CH,-rpynnbl pacnosoxeHsl pery/sipHO, HO OXHOH CTO-
poHe Yr/epOAHOd Henu (M30TaKTHYeCKHIl MosuMep):

CHy H CHh H H CH, H CHy H CH

\C/ N / \ v ™ / \ ;

N /

C C C
7 N\ N
\CH) CHg/ CHz/ \CHZ/ \CHZ/ \CHz/
ATAKTHYECKHHA  noJMnponuien

CH; H CH; H CH; H CHs H CH; H

\Cz/ \ // \ e \ // \ e

/

N C C C C
CHz/ \CHz/ \CHZ/ \CHZ/ \CHZ/ Nens”

CH:

N U3IOTAKTMYECKHI NoAHNponwIeH

7. Peakuum upuknonpucoenuHenus. AJikensl CrnocOGHBI BCTyNaTh
B DEaKUHH, B KOTOPHIX 006pa3yercsl LUK — IPOMCXOIUT HUKJIONIPHCOe-
JuneHue (cM. Beex. 7.2).

Peaxuuu noapasnessior B 3aBHCHMOCTH OT YHCJA aTOMOB, BCTYHAIO-
uMx B oOpasoBaHHe LMKAA (UHGPH B KBagpaTHBIX CKOOKaX):

a) Hukaonpucoeguunenue [241]. K sromy TeOy MoO-
TYT GbITh OTHECEHHI PEeaKUUH aJKEeHOB ¢ KapGeHaMH, B KOTOPHIX ofpa-
3YHOTCSl MPOHM3BOJHLIE LHKJomponaHa (cM. ria. V.A):

R H H
e/ X RrR—-¢/ X
I e - el
N ~ R—CS Ny
R H \H

Oryactn k uug/onpucoenunenmio [2--11 npusamnexar peakumun
oOpasopanust snokcunos (r1. XVI.B.2).

6) Huknonpucoeannenne [242]. Jlumepusaunusi as-
KeHOB ¢ 06pasoBaHHEM NPOM3BOJHBIX LUKJIOGYTaHA NPOMCXOAUT TOJIb-
KO NOJ JeACTBHEM yJbTpaduoseToBoro cBera (HOTOXHMHYECKH):

H R
R H R H
\C/ \C/ hv R—(,:—(I:—-H
et b Trodldy
R SH R/ H R
H R

Bos6yxkeHHas MOMeKy.Ja ajKeHa NPHCOeIMHALTCS K APYrod He-
BO30YXKeHHOil MoJekyse (cM. ra. V.B).

p) Llukaonpucoegunenue [2+4]. Anxeds crocos-
HBl B3aUMOJEHCTBOBATL C COMPSIKEHHBIMH [HE€HaMH M JaBaTb MPOH3-
BOJHbIE [UMKJOTeKCeHA (IMeHoBHI cuutes, oM. ri. [11.B.3 u V.I):

H. H
H >C<C/H
BeM PRen ret
Lot ek |
R N1 Hc” N
HH/ \H

8. Peakuuu ajkeHOB B aJJMJbHOM NOJOXEHMH. Peakuuu ankeHoB,
npoTeKarolline N0 CBOGOAHOPANHKANBHOMY MeXaHH3MY, MOTYT [pOXO-
JUTH TaKxKe y YIJIEpOAHOTO aToMa, KOTOPbIi HaXOAUTCA PSIOM C JBOU-
HOH cBA3BIO (A//IMJBHOE MOJIOXKEeHUE).

a) AsTtookucuaenue Bsaumoneiicteue ajJKeHOB C KHCJO-
pojoM BO3AyXa MO CBOGONHOPAAUKAJILHOMY UEHHOMY MeXaHH3My, KO-
TOpoe NPUBOAMT K THAPONEPOKCHAAM H IPOAYKTaM HX Ja/IbHEHIIEro
pacmaja, HasbIBAIOT aBTOOKHC/IeHHeM. Peakuus HHHIHMpYyeTcd BO3-
HUKHOBEHHEM CBOGOAHBIX PaJMKAJOB a/IHJIbHONO THHA ¥ TPORO/IKA-
ercd 10 HUX HCUe3HOBEHUS:

CH, = CH —CH,R A+ — CH, =CH —CHR -+ HA
CHy=CH—CHR+0; — CH2=CH—C|‘,HR

0—0: _
CH, = CH —CHR - CH, = CH —CH,R —s CH, =CH —CHR -}-CH,=CH—CHR

[ | anAuabHEIN  pajgd-

_ O —(QH xan npojonxaer
0—0- LleAb aBTOOKHCTEe-
rU/iponepoKCcHf, HHS

IMpoaykTh pacnaja
[porecc o6pasoBaHusd aJNUNEHBIX CBOOOAHLIX PAJAHKATOB MOXKET
GriTh KOHKYPHPYIOLIMM NPHCOENMHEHHIO 10 JIBOWHOH CBA3H:
A—CH,—CH—CH,R « CH,=CH—CH;R+A« — CH,=CH—CHR -} HA

6) Usomepusauusa., Ilpu teumepaiype ebie 500 °C na-
G/ro1ae1csl M30MEpU3altsl aJKeHOB: '

554 <C

- CH,CH = CHCH ;- CH3C=:CH;
CH,3

CH, = CH—CH,CH,

B atux peakuusx ofpasyioTcss cBoGOANBIE PaiHKanbl, HaOpHMEP
CH,=CH-—CHCH,, xolopbie CIOCOBHBl K MNeperpynnupoBKaM.

B) AnnuabHOe rajoreHunpoBanue B upucyrcreun
clleLHAJIBHBIX GPOMUPYIOIIMX PeareH1oB H NHHLMATOPOB CROGOAHOPaA-
JuKanbublX pearuuii (Y P-ceeTa, Temneparyprl, NEPOKCHIOB) AOCTHIA-
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€TCA 6pouuponanue aKeHA B AAAHNABHOM NOJOXKEHHMH:

Gponupylomuit pearent; hv; ©

CH;=CH-—CH,R »CHy =CH—CHR

r
KnaccHueckuMH peareHTaMu ATIHILHOrO GPOMHPOBAHHS ABASIOTCS COLH-
HEHY#, CAOCOGHEE TOMOINTAYECKH PacMEnnTh ¢Bazb Br—X, sanpumep N-6pou-
CYKUHHAMAR. Peakuns HauaHaetcd 06pa3ocBalue JJHJbHOrO PajWKana, 4TO
BHISHBAETCA MEHUHATOPOM (CBETOM, aKTHBHEIM CBOGOAHKMM PBAHKAJIOM, KOTOpHIl

* TCHEPHPYETCA B PEAKLHONHOHN CMECH TEPMHYECKH  KJH CBETOM):

HAROHATOD

CH;=CH—CH3R CH,=CH—CHR

N O
CHy=CH—CHR +Br—N{ l—»CH,=CH-—-C_ZHR+ N [
o ; T

>_ Br 0>

N-6poMcYKUHHBMHA

o\ N
CHy=CH —CH,R - -N.. |-+ CH;=CH --CHR +H—N{
o? o/

HerounnkoM atoda 6poMa MOXeT OHTh H MONeKysa 6poMa, BO3xidKawmas
RpH TepMHRECKOM pa3aoxeHnn N-6poMcyKuHHRAMHJA:

CH; =CH—CHR 4 Bry — CHy=CH—CHR + Br.

T

~ AnnuabHoe XAOPHPOBAHUE NPOREHa APOHCXOAHT TIPH BHICOKOMN TeM-
REpaType XJ0poM: :

500 °C
CHz=CH — CH;+Cl; ~—= CH3; = CH —CH,CI + HCl

AnnuabHbie DaAMKAIL ABJITOTCH G0Mee CTABHALHNMH, YeM 06hIHEe
8JKRJIbHbE CBOGOAHWE PajuKaik, OHM JONbILE XKHBYT, Jerue o6pa-
SYIOTCSI H BCTYRAIOT B PasfAHuHBe PeaKuuH,

CraGu/msalns anauAbHEX PajHKaNoB OGYC/AOBNIEHA CORPKEHHEM
HeCapeHHOro 3J€KTPOHZ ¢ Aoitnofi CBsisbio. T'oBOpsA A3HIKOM Me-
30MepuH — PE30HAKCA, CTPYKTYD2 ANIMJLROTO pajukajia H300paxa-
€TCA ABYM{ PE3OHAHCHBIMH (ME3OMEPRHIMH) POpMYaMH:

CH;=CH—~CH, ¢ CH,—CH=CH,

MOBECI:M& HarJsiAHO 3TY CHCTEMY MOXKHO XapaKTepH30BaTh MeTOAOM

9. TipeacTapienne aATHALAOTO PaANKANA, KATHOMA A aMHOHA mercaoM MO.
AnauasERf pafukai (KaTHOH, aHROH) APEACTABIALT COBOH Rpocrefityio conpsa-
HEHHYIO CHCTEMY, COCTOSIMYIO H3 TPex YIJEePOAHBIX aTOMOB H TpeX p-op6HTaJefi,
AJ1A XapaKkTePHCTHKA TAKOR CRCTEMBI MOXEO NMPUMEHATE APOCTeAIUHA pacyeTHHfl
KBaHTOBO-XHMHUECKHIt MeTof, paspaboranmmil 3. Xiokrenem {(Merof MOX —
METOA MOACKYRApHMX opSutaiell Xioxkeas), Jaa yuwero ROHAMaHRA MeTOLa
HUXE PpacCMOTPeR caMuit mpocTolf cayualt - p6pazoBanue ABYXUEHTPOBOMH
M-CBA3H MOACKYJB! 3TAACHE,
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g) PeayaeraTu pacuera Mmetoaom MOX nas x-cp s
3% 3THunena Mosexyaspuste opSutaan {MO) n-censu ¥, ofpasyiotes napi
KOMOHAALNE ABYX aToMUbIX p-opSHTAnedi: Py H YPo. Hcnoapayercs NPHELHT JK-
nefitoR KOMOHHaUUK, T. €. CYMMHDOBaHHE C COOTBETCTBYIOMMMH KosphHUNERTA-
MH C7r APH aTOMEBIX opbutanax. 3101 KoopPHUMenT ¢y, HAIWBACTCA COOCTBCHHBIM
BEeKTOPOM H XapaKTepHIVeT /0 YHacTHd

aroMHofi op6utaam B MO, unzexc j yka- -8 E,=a-8

spipaeT nomep MO, 3 HHAEKC 7 — HOMEp

aToMa: . . £
! C2H ¥y =c11Pr +c1adas L kel 1€, =|E]
CHy=CH, Yo = coyP1 + Cas¥a-

TMoMeulan pupaxesnss ¥;e ypamrHe- g __H__ E =a+g
une [lpeauHrepa 1 pewas 310 ypaBHeHue,

rodyaaen s%ﬂemﬂ snepruup ?E{m: Puc. 52. YpoBRH SHEprup R-cBASH
3HaYeHHS COGCTBEHHMX BEKTOPOB C;p "
kaxaoft MO, 3yaueHus sHeprau PhIpaxa- STHACHA H SHANCHHA SHEPTH
10T B YCJOBHEIX eauduuax « M PB. 3xech
® — KYAQUOSCKHA HuTerpan, f — pesonaHcHHR HHTErpaj, 06a uMeloT pasMep-
socTb 3uepriy (xJx/uonb, Kkaa/mon, 3B), OOHTHO B BHPaKEHWAX OHH QUTYpH-
PYIOT €O 3HAKOM MHHYC, HARPHMEpP KYJOHOBCKHR WHTErpaj yriepoakoro atoma
ac=—11,2 3B, pesorancuuit nrerpal s-ceman C—Cfc—c =—>5,35 3B.

[lna n-cBA3m STHIEHA NOJNYYaeM Ase SAEPrHA opbuTanelt £1 u £y n ABa BH-«
pamenns MO ane ¥y n ¥y

V2 V2 Y2, V?2

‘Fl= ) ‘Pl + 2 'lps; owﬁ= 2 "Pl— b -
MoXHO HauepTHTb AHArpaMsy yposhelt sHepruu (puc, 52).

Hcxofa k3 sHadenui £ MOXHO PacCIuTaTh BAXKHYIO BETAIRHY f-S3NEKTPOH.
HHX CHCTeM — TIOJNHYIO 3HEDIHIO F-9JeKTpoRop £

E“ '—-Izns}':;n(a-!'k}ﬂ))

rfe # — 4Hcao 5aeKTPOHOR B op6hranu (0, 1, 2),
ECHs=CH; _og 1 28,

3nauenns QOGCTBGHHHX BEKTOPOB Cyr HCIIONB3YIOT A1 AOAYYCHAS TAKHEX BaX-
HbX RAPaAMETPOB, KAK M-3JIEKTPOHHAA AJAOTHOCTH {, H KOp_ﬂﬂ.OK JI-CBASH Ppgl

4= Z neiry Prs= ; CirCfse
!

OTH BeJHYHHH HOJAYYalOT NpPE CYMMHUPOBAHHH MO BeeM 3anoineHHutM MO
KBAAPATOB 7, HAX YMHOKEHUEM Cjr B Czg PANOM PACAOTONEHHHX aTOMOB r H §.
6 CACTEME BTHIACHS ROAYHALTLS, ¥TO ¢y=@¢es=1 & p1.=1.
KpoMe Toro, MOXHO paccuiTaTh BeJRuHIty, KoTOpas Ha3nBaercd ceodon-
Hofi BavienTHOCTHIO F,. E€ NONYYAIOT, HCXOAA M3 CYMMH HOPSAKOB t-ceaseflt, Ko-
Topsie OOpa3yeT paccMaTPHBaeMHIl aToM: - .

- "l
F,=V 3"2?':- ) _
[laa wotexyaw atitena Fy=Fo=V¥ 3—1-=0,732, Beanauna ¥ 3 asasercs
MaKCHMATBHO BO3IMOXKHON cyMmoll ROPAAKOR f-cBszeif, KOTOPHE MOweT 0Jpalo-

BaTh YIIeDOAHHIN aTOM.
Takiy 0OGpasoM MONeM H300pasHTb KBAHTOBO-XAMEYECKHE mNapaMETpPH

N-CBA3N ITHIRHAS
1 1 1

CH; == CH:

6732 0732 :

MoskeM TaKKe HapucoBaTh odepranus MO sm-cea34 sTHIeRa (puc. 53),
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6) PeayanTatTn pacvera MeToAoM MO gaa axxu«
AbBHOTO pPAajHKAIA, ANUIBHNE pafuKal fBAReTCA cACTEMOR ¢ TpeMs

f-3NCKTPOHAMHE:
3 2 o 1
CH,;=CH—CHy
P L2

Ipr koMGuranud Tpex AO: ¥y, P; ¥ Ps — obpasyworesd Tpw MO: ¥y, ¥y
# ¥, — u Tpu ypobna sweprum: Ey, E; 0 £5 (puc, 54), '

¥, (craisimalomas opGurans) ¥, (paphixngiomaa opbrrans)

Pyc. 53. Ouepramug MO s+
— E, = u_\ﬁp CBA3H STHACHA

~p

« —-+'~" Ey =0

Puc. 54, YporAn 3HauenHs
k -H- E =a+ \Eﬂ SHGPIHH N-5IeKTPOHHON cR-
CTEMH AJIHALHOTO PaAUKaNa

Bupaxeaus pia MO nmelor pBg:

LIS L A
N

wa=_'§-1’i'—]%¢s+%¢a-

TNoanas SHEPTEA T-3JeKTPOHOB AAAHARHOIO pAAHKANA:
Ex=2E,4Es=3a+2V 28.

ORAH aNeXTPOR HaxOAHTCA Ma HecBa3niBaomeR opSutatu (Wy). 3ra opte-
TaJIb OTHOCHTCHA TONBKO K HECHEPEHHOMY SJIEETPOHY pajfHEANa K XapaKTepHIYET
€ro ZeN0KaTH3aLHI0.

Jaa conpsxeHHON CHCTEMH MOXHO PacCIHTATh 3HEPTHIO ACACKAARIUHY
ERen, yoropas XapakTepHsyeT BHIHIDHIN SHEPIAH CONPSIKEHHOH cHcTeMH mo

CPaBHERN0 ¢ AHAJOTHYHON HecoNPSKeRHOA, EAST NONYUal0T KaK PaskBLY MeXIY
BuHcaeREOl £, A 3Hepraedl Takol CHCTeMB, B KOTOPOHl HeT B3aHMOneHcTRAA Ha

N-9JEeKTPOHHOM YpoBre. B cayswae anaaasHOro pajiukana Takam CHCTeMa mpex-
cTaBaser coGofl NBOANYIO CBASD A OAHH HECHaPEHHHH S/IeKTPOH (SECprug papHa o)

A B — Ep . (EGH=CHe a) =0,820,

Srta sHeprua NeOKaJH3AIMH NMOKASHBAEY; YTO ANNHILHHA DAaAHKAN ABJIAeTCS
cTaGHARIUPOBAHHGR HACTHUER B PE3YALTATE REJOKAANIAUNY SNEKTPOHOB,

MOXHO PACCUHTHEBATL KRAaHTOBO-XHMHUYSCKHE NAapaMeTpH aNJAUALHOIG pafHe
KaJja.

1 0,908 T 0,788 T Chegyer oO6paTHTE BRHMAHHE Ha DOPRAOK T-CBA3EH:
CHg s CH == CH, rp4=0,705. 3710 Merbme, yeMm ANA HOpMaxbHOf ABofAnOH
L s 1.ea7 CBA3M (prs=1). Takoe 8BAeHHe XapaKTEPHO A BCEX COMpPSi~

MEHHHX CHCTEM H CBA3H MOTYT GHTH HAa3BaHH ACAO0KAAH3O-
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BAHHMMY UIH HeueJoyMcaeHHHMN, Boarwas cpofofnas BaNeATHOCTS fla aTO-
max 1 B 3 CBHZeTeAbCIBYET O TOM, STO HMEHHO 3Aech GyAyT NMPOTCKATS peakihn,

Ouepranus MO annusbEOFO paluRana OPHBefieHN Ha puc, §5. 3ae2L BHcoTA

COOTBETCTBYIOU\NX «BOCBMEPOKS MPONOPUMOHANLHA KBARPATY COGCTSCHHOTO BeKe

E 05 3 03 0,5 05

G 025 . 025 025 025
e & 8
Puc. 65, Ouepranns MO anngapHoro pafguganal .

a— W, (ceasmBawias MO); 0 — ¥, (Hecssampaonag _MO); ¢ — ¥, (paspuzasios
mas MO)

TOpa €}, 4TO XapaKTepH3yeT BePOATHOCTb HAXOKACHES SICKTPOHA B AanRoh MO

B pafione XaHHOTO aToMa (OXROSJEKTPOHRAA IJOTHOCTB).

Op6utane ¥, noxaswpaeT AeJ0KAAHSAUHI0 HECOAPERHOTO 3JeKTpona, Bepo-
ATHOCTb HAXOXKACHHA €rc OXBHAKOBA KaK HA MEPBOM, Tak H Ha TpeTbeM YIJepof-
EOM atoMe ¥ papyHa 0,5. IlIOTHOCTE HecmapeHHOrO SJICKTPOHA HA BTOPOM arToMe
yraepoga paBEA HYdIO,

H3o6pakeHne CcONpAKEHHBIX CHCTEM CBS3aHO ¢ OTpefeJeHHHIMH
TpyaHocTsaMu, [lobsyrorcsi H306paxenueM AeNOKAMH3OBAHHBIX CBS-
el NPy MOMOIIH NYHKTHPHLIX JHAXA H YKa3aHHEM NJIOTHOCTH SJAEKTPO-
HOB:

05 056
CH;==CH="CH,

HHora noap3yioTc? H3OCHYTHIMH CTpeaRaMe, 0003HAYAIOMHME
CHABHI 3JICKTPOHHOH NJIOTHOCTH:

L]
CH,=£CH -8y

. Mowro nucath Ase pesonaHcHule cTpyKTyph (c. 124).

TonoGuast MoAEs MPUMEHNMA [/ PACCMOTPEHHS APYTHX TPOCTAIX
CONPSUKEHHNIX YACTHI[ AJVIHABHONO THNA — AVAHA-KAaTHOHA H aJLTHJI-
aHHOHA.

ANnua-KaTHOH CONEPMHT 27-3/1EKTPOHA, H NO/IOKHTEbHE 3apAa
AENOKANH30BAH IO NMEPBOMY H TPETheMY YIVIEPOLHOMY aTOMYy:

05+ 05+ 8+ +
CH=*CH+“CH; CH2 =/(’;!;§—CH2

+ 4+
CH;—CH—CH; =+ CH;—CH=—CH;

ANNNN-aHHOH CONEPIKAT 4N-3NEKTPOHA, AB2 H3 KOTOPHIX HaXOHAT-
C Ha HecBA3HBAIOMEeHR OPOHTANH H AENOKA/H30BAHW [0 NEPBOMY H
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TPETHEMY YIAEPOIHOMY aToMy:

05~ adee .“.M" y ?.\“_
CH;=~CH==CH; CHy=CH—CH:

CH;==CH-~CH; ~—» CH;~~CH==CH;

5. BA)XHENIIXUE NPEACTABUTEIU

3Tunen. JTHICH NPUHALNCKHAT K HauboNee BAKHEIM ANKEHaM, €ro Npo-
H3BORAT U HCNOJB3YIOT B OIPOMHEIX KOJNHYECTBAX.

Jrunen npeacTaBnseT cobofl GecupeTHH ra3 ¢O CJaGHM 3aNaXOM;
ero T. n1. —169,5 °C, 1. kum. —103,8 °C, njoTHOCTb (pH Temnepa-
Typeé KHIICHHf) 0 570 r/cm3, He:SHa‘IHTe.I]bHO pacTeopsierci B BOjAe
0,25 a B 1 n), nyuiie — B 3THAOBOM crpre (3,59 /1 B 1 1), xopotwo pacrt-
BOpHETCA B JH3ITHJAOBOM 3dupe.

B OpOMBILLIEHHOCTH 3TH/IEH BBUIEJSIOT H3 TA30B NHPOJIA3a M Kpe-

KnHra redH, KoTopsie copepxar xo 17. . .20% srunena. PaspaGoran
CeNeKTHBHHIA METOX TMAPUPOBAHHA alUeTHIEH2 RO STHIeHa:

H
HC=CH . CH,=CH,

Pd (ctmnxarenb. 180,..320 °C)

IlpoMuIeHHOe 3HaYeHHE MMeeT TaKJKe KaTaJHTHYeCKas JAeriipa-
TALHA STHJOBOrO cnHpTa. B nal0paTopHEX YCIOBHSIX STHAEH moJy-
43€TCA1 M3 ITUJIOBOTO CHHPTA M cepHoii Kucaorsl (ra. XIV.A.4), Urto
SKOHOMHYHEe: ITHAeH HOJYIHTH B3 3THJOBOIO CHHPTA MM STHAOBHIA

Troxon CH;=CH—Cl = TlonHeHsUNXTOpHA DTanonaMHIbl
N,
42,
¢ 1Nll,
II—CH
OH~ -
HOCH,CH,Oit - c:cu,cnzcx HOCH,CH,C1 -2 cu,—cﬂx /C ’
3 ) H,—cH{
i /
C,H,0H 4—£—-—
H,0 IImmnmcu ,
Yt NC[I 0y HOCHICHZCN B
CuCty | H0 .
4 cH—
‘g “H CnmadouHne CH,=CH—CN
* g o, Macaa
Crupon 1
} cu—c?
Toncrnpon " \oH MoanaxpumoruTPHA
QO
ci,cH—c? :
Hfkw, H CHCH,CH,),CCt,
CH,CH,CH,0H

Puc. 56. TpumencHue sTnrena
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l’nm(epmt — CICHJ_C":CH, CH,—CH-—CH; -——D- CH;“CH-‘CH;OH

Cy, \0\ I
OH \ 4‘ OH

' e [enon—on, |
cH -—cuscu.
Hmet=ch - -h-_-h-““‘"‘ Toaumporraent
"m::t (]1 Kar,
H, cH .=cu—c\ "' CH—=C—CH,CHCH,
H nr
i,
co
H
i CH=CH—CN  CH,=C—CH=CH,
CH,

QN
CHCHCH,CZ = CH,CILCH.CH,OH
n Cuurerinseckuit
Kayuyk

0
Ha
CH Cl'IC\ 1—:—» CH,CHCH,OH,

én, N -"liﬂs

Puc. 57. Ilpumenenne npoieHa

COHPT U3 STUNEHA? DTO 3dBUCHT OT JIOCTYNMHOCTH H UEH He()TH H 3THIO-
BOI'G CRUPTA.

OTHAEH CAYKAT HCXOAHHM CHIpLeM A1 MHOXECTBa CHHTE30B, KaK
310 H300paKEHO Ha puC. 56.

flponen (nponusen). [Iponen npunapIeky? K WHPOKO HCIOAb3Ye-
MbiM ankeHaM. [Iponen mnpeacraBasier cofoit GeclBeTHRIH ras co Cia-
ObiM 2amaxoy; eco T, nia. —I185,3 °C, a 1. knr. —47,7 °C. [laotHocts
d*=0,5139 (pd AaBACHUR HACHILEHHOTO Mapa).

B npoMELLIEHHOCTH NPOREH BHAEAAIOT M3 ra30B KPEKHHra H INIpo-
Ju3a NPU NepepatoTke HEPTAHMX MPOAYKTOB, KOTOPHE COAEPKAT H—

8% nponena. [Ipu ¢$pakioHpoBayuH BHIACIAIOT CMeCh Mpodata H

nponena. YacTwii nponeH noayyaercss NpH AETHAPHPOBANHH RPOMaHa.

[Iponen Hcrmoasayercd JAf NOayueHHA PSAJa BaXKHHX NPOAYKTOB,
KaK 370 00KaszaHo Ha puc, 57.

Byrenn. Byreuw 06pasyioTcs B MPOLECCE MHPOJAM3A H KPEKHHra
NpPOAYKTOB nepepaﬁomn uecbm HUx oTAej K10T OT APYTNX YIIEBOIODO-
JI0B NEPETOHKOM TpH HH3KOH TeMmneparype H BuASJAOT B BHAe OyTan-

Tabauya 10, dusanyeckne XOHCTIHTH GyreHon

Kospduunent
Hasnasne T. nx., “C T. knm., °C 4: npmon;:emm
"p
Byten-1 : —183,4 —6,3 d; "% =0,740 1,3792
ytec-ByTen-2 —138,9 +3,7 d; % = 0,724 1,3916
mpasnc-Byren-2 —105,6 +1,0 di" === (3, 6044 {,3562
MeTuanponen —140,4 —6,9 a; 00,6048 "1,3811
(usobyTi.ren)
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GyteHorolt ¢paKuMU, KOTOpas comepkHr OaAH3KoKunsgmue GyTaH M
6yTennr (cM, T, Kun. 6YTaHOB K GyreHoB — Taba. 7 u 10).

ByreHH npeicrapgsiot cofoil 6ecllBeTHHE rasul o ciabhiM, pasipa-
HKAOMUM  CAHSHCTYIO OBOJIOYKY 3amaxoM.

Byreu-1 u OyTeHL-2 HCNOJABL3YIOTCS B OCHOBHOM AAs MNOJIyHeHHSA
Gyraguena-1,3:

)
E\ -%"N'*'Hz
\—

Ha ocHoBe nx Moryr 6uTh NOJYy4YeHBI T2K:Ke KHCJIOPOACOREp:KAmUe
NpofyKTH: 6yTHAOBBIE CMPTH, GyTAHIMOJAW H 1p.

Ipr nonumepusauud H30GYTH/IEHZ MOAYYAOT NOMMH3OCYTHACH,
Humep u3o0yTHIIEHA ABASCTCA HEHHEIM UCXOMHLIM LA NOAYYCHHA H30-
OKTaH4 — BLICOKOKAYECTBEHHOr0 MOTOPHOIO TOILTHBA!

S ST e T

Tacea I
AJIKAXHEHBI

YrieBolopossl ¢ OTKPHTO HeNbIo YIAePOIHEIX aTOMOB, COJepKalie
JBe XBOHHBIC CBA3M, HA3MBalOT asxadierasu. O6man (opMyaa alka-
auetiop CH,, _,. Sroi obuiefi (opmyse COOTBETCTBYIOT TaKKe yIJje-
BOIOPOAM C OAHON TpPOfAHON CBA3BIO — AMKHHH, :

B monekynax anxamueitoB MoxeT ObiTh PA3THYHOE PaClOOKEHHE
ZBOHHBIX cBfidell. JIpofiHKe CBA3H MOrYT PacroaraThCa PRAOM ¥ OLIOI0
yraepozuoro aroma, Tarue coeqlHeHHA Ha3EIBAIOTCA AJiKaTHeHaMn-1,2
nan anjesam: CHy=C=CH, nponazuen-1,2, anaeH, a pacnonoxed-
1bie TaK NBoflHbIe CBA3H HA3LIBAIOT KYMYAUPOCARHEIMG.

MexAy ABOHHEIMU CBA3AMH B MOJeKy/e ajKalHeHa MOXeT Haxo-
AuThbeA OZAA OpAUHaApHAA CBA3b:

CHy=CH—CH=CH, 6yraanen-1,3 (zuenuitn)
CHz==C—CiH{=CH, 2-metunbyraauer-1,3 (usonpen)

Cl,
Takpe anKagueHb! HA3LIBAIOTCH CONPANCCHHOIMIL CUeHaMM.

HspecTHE! pasauunbte HECOMPAKCHHBE aaKaaHeHs!, B KOTOPRIX ABOft-
HHE CBSI3R HaxoAaTcda B noqoxkemnsx 1,4-, 1,5-, 1,6- n gp.:

CH;=CH~—CH; —CH=CH, nentazuen-,4
CH;=CH~CHy—CH,—CH=CH; rekcaauen-1,5
130

.Ht = #/H
\c=c=c/
S

A. ANKAJIHEHB-1,2 (AJUIEHB)
Annenst MOLYT OLITh NOAYYeHB! H3 AHNTANOTreHANK3aHOB OTIENNEHHEM
aTcLnB rajoreHa nNpH NOMOLLH IFHKA.
CHj 2:C—CHy— Br +2n ~» CHy=C=CH; +-ZnBrz
Br
2,3-andponnpoited

Mnoraa aanens o6pasyioTcss N3 NMPOH3BOARHIX AUETHAEHA B peaK-
UMAX NeperpymNHPOBKH B NPUCYTCTBHH INEMO%H:

KOR
CHj : ‘ CHjq
3.meTAAGyTHR-] 3.mesiadyraauer-1,2

AJnensl NpeIcTaBAgioT coboii GecupeTHble rasbi (C,, C,) nau Gec-
LIBETHHE MUAKOCTH cO ¢JalLIM 3amaxoM.

CBoeo6pasHo NPOCTPAHCTEEHHOE CTPOCHUE moaexyas aanesa. Ye-
THIPE aTOMa BOJOPOJA MOIEKYJB! ANJeNa HaXoadTCs He B oguoll nJoc-
KOCTH, a B ABYX B34UMIO TNePAEHJHKYJASPHBIX MJIOCKOCTAX. Bee

TPH YIVIEPOJHHIX aTOMa a/ljieHa PasMemeHu Ha u
OflHOH RNpAMOii: . _ \ ﬂb'}{

C o (s C
?‘,ﬂ_ﬁ\ﬂ

/
R Puc. 58, OGpasopansie
VIsepoiHKe aTOMbl B MOJEKYJe alleHa Ha-  n-cedsel B MOJexyae
XONATCH B PA3AHYHBLIX COCTOSHHAX THOpHAuH3a-  3a1ena
nuw, sp, sp, spd. Cpennuii yriepofumd  aToM
o6pz'|3ye'r nBe ApofiHuie ceasu (puc. 58). Daaropaps crpoemnio ABy3a-
MIEeHHEX aJJieHOB ANl HHX BOSMONKHA CTEPEoH3OMEpHdA, HANpHMEp:

H /CHj nC 31
N # N, /
¢ C=C=C - C¢=C=C
e’ Ny e \cH,
 { - 11

Crpykrypa | sBasercsi 3epKaibHHM H300paxkeHHeM CTPYKTYPH IL.
Dru Monexkyasl xupanenn (cm. Been. 12).

AANeHB AKTHBHR B PASAMMHHX XHMUHECKHX DEAKIHSX, rIABHLM
o0pasoM B PeaKUMAX NPHCOCAHHEHHH H TONUMEPH3ANKIL. B stom o1-
HOUIeHHH OHH NOROGHH ankeHaM. LleHTpom 3AeKTpoQHABHOH aTaki
ABAMOTCA ¢(OKOBRIE® YTJEPOBHBIE ATOMBL (sp’-mﬁpunnaoaaﬂuuel.

Huxe nprBefeHa cxeMa NpeBpailleHuil aMIcHas

H. HIe
CH3=C}{--CH3“£E' CH3=C= CHy——— CH, =?‘—CH3
Br
H+ 8,0 £, ummon'nmcpnaanun
{
CH;HC—C.qa""' CH;= C—CHg ..—-—-)l I
! H TN

5% ’ . 15}



[lpu Harpepaduu u OCOGEHHO B HPHCYTCTBHH LHEIOYHOTO KaTa1H33-
TOpA aljeHk MOI'YT AeperpynAHpPOBLIBATLCA B auerusiennl. Hacrynaer
pasHoBecHe, MOJIOXKEHHE KOTOPOro OHPENE/IALTCS TEPMOAHHAMUYECKOH
YCTOHYHBOCTBIO KOMAOHEHTOR:

R\ /R °; Ot~ .
H/C—-C= C\H —_—_—~"R—CH;—C=C-—R

B. AIKAZHEHMI-1,3 .
1. METOIH MOJIYYEHHSA

Aaxannens-1,3 noAyyalT PasIHMHBIMH PEARUUAMH OTIENJEHUS Kak
H3 ANKAHOB HJIM aJIKEHOB, TakK U M3 CAUPTOB, TVIMKOJed H rajoreHnpo-
H3BOJAHBIX YrJIeBOAOPOAOB. 3AeCk HOAPOOHO 6YAYT pacCMOTPEHBI METO/M
AOJNYYeHHs] HauGoJiee BaXHMWX ajKaaueHoB — GyTajueHna-I,3 m H30-
ApeHa.

1. Tlonyuenne Gyraguena-1,3. TlepBpiM BPOMBILCHHBIM METOAOM
noayyeHuss OyTajeHa Obhlno TepMHvYeckoe HAPeBpallieHHe STHAOBOIO
cCHNPTa Ha KaTaauzatope (Al,O,-+ZnO):

430=450 °C .
9CaH; OH —=—=> CH, = CH —~ CH = CHy - 2H,0 + Hy

3ror meron npepoxkua C. B. JleGepes (1927). Buixon o6buuO He-
Beicokiit. IMpegnoaaraior, wro Ha Kara/li3aTope STHU/AOBHIH CAHPT Ae-
THRPHPYETCA A0 YKCYCHOTO anbjertfa, KOTOPhIf NOjBEpraercs afb-
noabnofi kouzentcamnu (ra. XXVIIL.A.3). [Torom caenyor Apespatie-
HHSL  alblo.s. :

Hag monyuenus GyTazuena-1,3 mpumeHserca AeruapupobaHue Oy-
TaH-GyTeHOBO# (pakuHM HepepaboTRH HedTH:

CHa —CH, —CH; —CHy —
CH;—CH=CH—CHy — '

(fue- u mpasc-)

B03MOXHO HCIHO/B30BAHHE ABYXAaTOMHEIX CRHPTOB (IAMKOJefi), Gy-
Tanauoaa-1,3 u Oyranpuona-1,4 (meron B. Penne):

280 °C
’ ol OH

HOCH.C p+ H:XC—CHz o Napo,
aCH;CH,CH,OH '-_ﬁ,_(; H,C CH, T,o' CHy=CH—CH=CH,4
N
O

2. Monyyenne usonpena. JIaa noaydeHHs H3OMpEeHA MPUMEHAETCS
ACTHEPUPOBAHKE H3OMEHTAH-U3ONEHTEROBOH (pakuuu HAepepaboTKi
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HedTI:
CH3—CH —CH,—CH,
H, ——‘
CH3—C=CH-—CHy —— Rr- 2 CHy;=C—CH=CH,-}H,
(IZH, ' (I:l-Is
CH,=C — CHy — CHg—
CHg

H3onpen o6pasyercs Takxke KaTaAHTHYECKHM PaciICAIEHHEM 2-Me-
THIOEHTEHA . (lumepa AponeHa):

‘0
CH,=C—CH,CH.CH, Roer CHy= (l.‘.—-CH =CHz+CH,
I .
CHQ CHS

Haonper Nergo AOAYHAlOT AerHApaTailied HeHaCHUIeHFOro CAUPTA:
OH
(|: *
CH;—C—CH=CH; . CH;= ?—CH =CH;+ H;0
aT. P
éHs CHS

Hexondbiit 2-MernnfyTeH-3-01-2 AOMY9al0T PHAPHDOBAHHEM HpO-
RYKTA APUCOGJUHEHMS aUeTANeHa K aneroHy (em. ri. IV.4) — meroa
A. E. dasopckoro. )

B ocHoBe ofiHoro U3 APOMHULIEHAK X METOAOB HOAYUEHHS H3OMpEeHd K
JEXMHT pacileANeqHe reTePOUMKIHYECKOro coefHHenna — 4,4-aume-
THa-1,3-nHOKCaHa, KOTOPBIl AOAYYaOT H3 H300yTHAEHA H dopMalb-
Jlernpa:

o o
H. SC/NCH,
c=CHyt2 Sc=0% cua/J) [ _r,
CHs/ H/ N /0 Kar.
CH,
H :
—» CH3=C—CH=CHj-|- H,0+ H/-C=o

[
CH3 . .
MupoBoe Hpou3BOACTBO OyramueHa-1,3 1 H3onpena HAPeBHILAET

HECKOJbKO MAMJIMOHOB TOHH B I'OA, TaK KaK OHH HCHOJAb3YIOTCH B APO-
M3BOACTBE CHHTETHYECKOTo HAYUYyKa,

2. ®U3NYECKHE CBOWCTBA
AJIKADJUEHOB-1,3 U CTPOEHHE

Ankannensl-1,3 npencrasaawt cofoit Gecusetuble BelllecTBa. IlepBhie
YjeHbl TOMOJIOTHUeCKOro PAAa ABAAKTCH rasaMi HJAH HI3KOKHRAINHMH
WKHAKoCTAME (Taba. 11).
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Tcbauna 11, Pusiyecrye EOMCTAHTI! HEKOTOPHIX amKagacHor-1,3

I(oads.‘,:n{z::t ur

Crpykiybitas &op:yna T. na., °C T. wur,, °C ‘f:u """’:‘é}f""“
D

s
CHy=CH ~—CH =CH, —108,4 —4,5 0,6206 1,4282 (25°C)
CHy;=C—~CH=CH, —136 34,1 0,681 1,4219
Hy
CH;=C—C=CH, —76 68,6 0,7202 1,4391
|
I‘Igc J:Hg

Has ankagueros-1,3 xapakTepHa MOBLILCHHEZA MOMeKYaspHas ped-
pakuus. -Tak, Hanpumep, zaa usonpena CH,=C(CH,)~CH=CH,
R ca=25,22, IIpu pacuyere NoNy4aeTca MeHbLUAA BeTHIWHA:

Ricop=8Rc-H~+2Rc=c+2Rc-c=20,89,

T, . OOHAPYXHB2ETCA 3K3aabTauMa pedpparuuu: Ry — Rivpp=
=4,33. 3xzanpTauma pebpaxiiy cBg3aHa ¢ yBEJNHYCHHEM NOaApH3Yye-
MOCTH 3/€XTPOHHON CHCTEMBI, UTO XaPAKTEPHO IR CONMPKEHHLX CHC-
TeM ABOHHHX CBA3eH.

HnTepecHbiii BHBOR NONydaeTcs NMPH CPABREHHH SKCACPHMEHTAMR-
NBIX 3HAYEHHHA TENNOTH O6Pa30BaHUA MOMIEKyJl aqakajiuexos-1,3 ¢ mo-
JAYYCHHOA CYMMHPOBAHHEM TEPMOXMMUYECKHMX SHEPTHH cBAsedl. Jrcne-
PHMEHTA/IEHAS BeMuMHA noayuaerca Goabwie Ha 13. . .16 kJlx/mois.

Sra passuia B 3HEPrHAX oBpa3cBaAHNR CBHACTEJABCTBYET O TOM, 4TO
npH 006PA30BAHHH CONPSKEHHOR CHCTEMBI BLIACASCTCA GOABIIE 3HEp-
THH, 9eM NpH 06pasoBaHHH HecoRpAXeHHofl cucréMul. OxaswiBaercs,
4TO CONPSKEHHLIE CACTEMb ABAAOTCA Gosee CTACUMBHBIMU. ITY SHEp-
FHIO Ha3LIBAIOT aHepeuell conpaxcenuf (HeNOKAIM3AUMH, PE3OHAHCA).

CIpyKTYpHBIE HCCAEN0BAHNA MOIEKY B! Gy TaHEHA METOZOM SAEKTPO-
norpaguH AOKA3LIBAIOT, 4TO BCE €@ aTOMHl Jie-

‘.‘Ha lr Xar B OflHOM NJockocTH (MOZIEKY/a NAAHAPHA),
-H\Ql\j/éﬁff PN HauGonee RePOATHLIM PACHONOMECHUEM JBOHHBIX
ool H cBR3eft ABNACTCA mparc-pacHONOKEHHEe HO OT-
}ll }|{°v1°6 HOLIEHHIO K opianapHo# ceasn. Jdanuer C—C-
Sorammen ¢Bf3e#l OTVINYAIOTC? OT TaKoBHX B 3TH.JeHe

(0,133 M) u atamne {0,154 nm).

BasxHtie BHBOMB © CTPOSHHH CONPANKEHHOH N-3JeKTPOHHOM clicTe-
MBI MOJEKYAR 6yTajueHa MO/KHO CAeIaTh H3 KBAHTOBO-XUMIUECKNX
PACYETOB Raske B camOM INpocToM BapraHte — MerogoM MOX (em.
ra.Il — pacuer asuabHON CHCTEMEI).

B conpsikeRHYIO ¢HCTeMY GyTagneHa Kaxawil yriIepoaHNit aToM oTAaer OAHH
-371EXTPOR (‘S'= g’—-gi—— C. MO oSpasyloT JBHeapHoft xoMGnuamueit AO:
¥ y=cnpr+ciotat-craba ol
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Npu xoMGananun veTupex AO noamyuaiorcs vermpe MO (f=a1, 2, 3, 4). Io-
cae pewenss ypackedns Ilpeausrcpa 1oaysaeM weibipe anayenns £, o weTsipe
nupaﬁgma ans ¥; Ha puc, 59 u 60 npusesenst ypoBEH 3HepPrul B ouepTa-
[P .

Ha suavenna I, monexyau Gylaguena E,=4a+4,4728 n asyx mojexys

stuIeR2 Ep=4a+4p MOKHOLOUCEHIB 3HEPINI0 JAe/IOKANAZALARS

. AERM— Eq— 2EG:M —0,4728,

310 nOKE3RRALT CTEEHNNAZNNIO MONEKYIH B PE3YTLTAIE CONPsIKenn (R3aunoeits
CTBHA {T-°A2KIPOHOB) M COOILEICIBYyET AAiiHEIM, NCAYUEHHNM DPH ODgeicientin

Pue, 58. Yposuu sueprum, sxadenng 26 E
aneprun MO a-2aekTpoudoll cHeleMul - ¢ = «— 16188
MeJeKyau CyTapnena-1,3 —B- .
. — E; = ua- 00138

= - — -

g M= E =etogsp
Puc, 60, Odeprapus MO monekyauw ._H_ E = 18
6yraznena-1,3 28 1 =@ +1688

e 0,137 0362 0362 0,157 0362 0,137 0,137 0362 (362 0,137 0,137 9,362 0,137 0,362 0,302 0,137

i

TenjoTw obpasopanus Gyrtagnena. Yernipe r-35eKTpolla MOJEKY.IH PATMEUAIOTCS
Ha Asyx 3anoaeenenx MO, gse MO ocrawores nesamoancunnmu. Tleppas MO
(¥)) nosmHocTHIO AeI0KaAHS0BAHA, OTUOCHTCS KO BCEM YETHPEM VIACPOAIMM aTo-
Mam. Bropas MO (¥,) uMeer ys/noByw naockocts mexpgy C2 v C® n ydacTeyer n
o6pa3oBanui CBA3M TORLKO MexAy aToMaMu C' u C?, C® n C*, ¥, anaseTcs RulCIIE
aanoxuenHoil Kojekyapnoi opbutansio (B3MO), Tperoa MO (¥;) apaserca nusz-
weefi csotoano?t MO (HCMOQ). Hercepraa MO (¥,) umeer Tpu y3.10BLIE NIOCKOCTH,

B3MO 1 HCMO na3usaworca ¢POHTANLHEMHE OpGHTAISIMH; OHY OTNPENCRIOT
PEAKHHOHHYIO CHOCCONOCTL conpamenHofi cacTeMul, Sueprus B3MO no adcoaror-
HOMY 3HA9EHWIO COOTRETCTBYET SBEPTHH HOHH3AUKR opGUTAMNHE K ONpPeSIReT AAEKT-
POHOAOHOPHLIE CBONCTBA, BIaUMOACACTBHE ¢ 9HeKTPOPAIBINMI pearentayn, Pac-
npeAcderie NAOTIOCTH 3MEKTPOHOB B OPOHTAIN 05YCIOBAHBACT MECTa aTAKH SMeK-
TpoduabHuX pearentos. dueprus HCMO onpepensnier CpoacTBO X BISKTPOHY,
T. €. 3AeKTPOlLICAKREeNTOPHEE CBO#CTBA, B3AHMOAeHCTBHEe € HYKJAEOQAABHMAMH
peareHTamk. Pacmpeaeneiine IOTHOCTH aaekTporos Ha MO xapakrepuayercs G

B mogexyvae Syraguena hanGoAbliHe OAHOEKTPCHHLIC NJAOTHOCTH BO GPOH-
TaNbHWEX OPOHMTAANX HAXOAATCS HA KOHUEBHRX YIJEPOJREX aToMax (CM, pHe. 60}.
370 03Ha4aeT, YTO 4TaKa K2K SIeKTPOQHIBHHX, TAK H HYKACODWILUEX peare-
70B HauuHaerca ¢ kouneBuX (C* uau C!) yraepoanmx aToMoB.

CyMMapnas fi-31eKTPOHHAR NIOTHOCTD ¢, HA KaXM(AOM aTOME PaBiHa ERHMHIE,
HOPRJAOK N-CBR3IA ppg AN ABOHIBX CBA3CH MeHbiie eAHHHLK, 2 A4S OpPANHRAPHOI
esa3u C?—C? 3HauATenbHO GOAbWIE HYAS,
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1 1 1 1 IMopanon n-cBascll cBHACTCBCTBYET; 970 Las
Ppg 089 047 089 cucTeMs GyTagHetla XapaKTepHH SHAUMTENbHO BE-

CH,=CH—CH=CHa  papuenHHe (AC/]OKAaNM3OBaHENWE) CBA3H, D10 TOJ-
£, 084 037 037 08  TpepikAaeTCA AAHHOR cBased,

CpoSojupie BafeXTHOCTH F, mORaskiBawT, yT0 Gonbuwed peakuuonnok cno-
AIK 06N3AATE KOHUEBLE YIICPOJHEC ATOMB CONPAMEHHOH CH-~
CTEMEL, ety A e M

KBAHTOBO-XHMHUECKHE XaPAKTEDHCTHKH J-3IeKTPOHHOH CHCTEMN GyTajueHa
MOTYT GHTb HCMOJIB3OBAHH JJIi OUEHKH 5/1CKTPOHOJOHOPHMX CBOfCTB H SHEPIHH
BO30YKACHHA,

B conmpstkennnx cucteMax B3MO numeer Gosee BHCOKYIO 9HEPTHIO, YeM B He-
CONpAXKEHRLX (3HaYCHHe SHePruH UMeeT 3HAK «MAHYC»), Tak KK SAeprHa HORH-
32UHH PaBHa SHePTHH OpOUTAIM C OGPAaTHHIM 3HAKOM, OHA MEHbIUE SHEPIHH KOHH,

SauHy HecONpAXEHHRIX CHCTEM:

Ep3mo on, 5B

CHs=CHs . . v o e v ov e v nnene  atpP 10,5
CHimCH—CH=CH, . ... .. ... at0,6188 91

BDuepruf BO3CYXACKAA OMPele/NETCA PAaSHOCTHIO SHEPruit E=EBSP‘AO“
~Eyemol X2pakTepu3yeT fepexod MOJeKY/H B aepBoe BO30YIKJEHHOE COCTOR-

nue Sp—>Sg. IIps DorJomeH¥H EBAHTA CBETA MPOHCXOAMT NMEPeXOA SAEKTPOHA
¢ BSP?IO na HCMO. Jan conpskenHbx cHcteM AE MeHbue, gem A4 Heco-
OpAKEHHNX, ¥ NOrAOUERHe HaG/NI0ZaeTca npE GONbIEX AJHRAX BOJH.

Egamo—EHCMO Mornouekae a YP-cnekrpe

B UM
CHy3=CHs . . + « v « ¢« 0o ¢ ¢ a. 2B 6,9—6,2 180—200
CH,~CH—CH=CH; ... .. 1,2368 5,7—5,6 217—220

Hueiotca ompefesieRHbie TPYAHOCTH B HPABHABHOM H300paxeHnH
CTpOEHUS CORPSIKEHHBIX CHCTEM € AOMOIIBIO KTACCHIECKHX CTPYKTYPHBIX
dopmy., [TosToMy HHOTAZ HCHOAB3YETCA NYHKTHPHOE H3OGpameHue le-
JIOKA/IN30BAHHBX CBA3EH MJH H3OTHYTHIE CTPENKM: .

CH,=CH—CH=CH, ®opmyJa He HOKashiBaeT, 410 cBsigh C*—C? npu-
. ofpesa 4acTWUHBIA N-XapaKkTep

dopMysia ¢ HOAHOCTHYY JENOKANHIOBAHHBIMH
CBA3AMH HE FOKa3ulBAeT, YTO JJHHLL CBsA3ell He
ONUHAKOBBL H ST-HOPAAKU CBSA3eH pasiuuBb

e =cfi—u=cnH, II0Ka3aHO B3aumonelicTBHE ni-CBA3e

CH;™“CH==CH“'CH,

LN

8+ Py ir

CH,=2 CH--CH==CH:  TloKasaH CIBUT 3IEKTPOHHOMN AJOTHOCTH HO CHCTe-

. M€ CONPAMKEHHKX CBSi3eH, KOTOPHIY NPOMCXOMHT
RO BJIHSAHHEM BHEHIHHX AOAAPHIYIOUMX (aKTOo-
poB.

Hu ozso n3 rpadugeckux usoGpakenuli CTPYKTYpH He JaeT HoJ-
HOM KapTHHH, OTpaxalmed xapaxrep H ApHPORY CBARI COnpANKEHHON
CHCTeMH. 310 OBLIO YiKe MOKA3aHO Ha ApUMepe AMIHJIBHOH CHCTEMH!
{em. . II. 4.9). Toabko ucnoAb3oBaHHE KBAHTOBO-XHMHYECKHX Ha-
paMeTpoB MOSBOAAET JATh MCYSPHLIBAIOILYIO HHQOPMALHIO,
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' 3. XUMHYECKHE CBOACTBA AJKAAUEHOB-1,3

_CHy=CH

Jaa  ankaanexos-1,3 XapakTepHEl pasfHUHBE DPeAKUHH NPHCOSHH-
HEHHA, B TOM YHC/JE€ BAXKHAA PEAKIHUS NOANMEDPH3AUNHU, KOTOPaAs APH-
BOJUT K CHHTETHYECKOMY KaydyKy:

cH, -
HC A ,p % y|—XCH2—CH =CH —CH,Y
It | e—CH,=CH—-CH=CH,4 — 1,4-upHcoeTnonue .
H B
C\\/ ——;KCH.;—CH —Cl! = CHg
CH, #
TMOARMEUIBLAR

UHKJTOT PI1COe K-
HEHHE (QBeHOBRI
CHHTEI)

1,2-npocoenunedie
1.2- 1,4-

—CH—CH,—-CH—CHg—(I:H—CHg—...
|
CH (EH CH
I I I
CH, CH, CH, { :
.. —CHy~CH=CH—CHy—CHy~CH=CH—CH,—...

Croeo6pasHocTh anxanneHoB-1,3 cocTouT B TOM, YTC ApHCOENHHe-
HHE TpPOUCXOIMT B ABYX HampaBjeHusx: 1,25 u 14-npucoenunenue,
CooTHOlIEHHe H30MEPHHX HPOAYKTOB MPHCOSAHHEHHUA ONpPERETACTCA
TeMreparypoli peaxkuHM, HOJISDHOCTBIO DPACTBOPHTEAS], XapaKTEPOM
peareHTa.

{. Cugapuposasne. AnxajucHni-[,3 KaTaJIHTIYECKH THAPHPYIOTCH
¢ o6pas3oBalleM aJKSHOB i AJIKAHOB:

il__.,c1—1.2=CH—-CHeCHs 11,

—CH=CH Ue CH(CH.CH.CH
PN, CHg—CH=CH—cClly [N s

2, Mpucoepunente aaexTpodMAbHEX pearentos, K ankanueuan-1,3
APUCOSNHHAIOTCH TraJIOTEHOBOACPOAB, TaJOreHW H APYTHE 3JeKTPo-
(uALHEIE pedreHTel. DTH peakiMH YacTo CONPOBOXAAKTC HOGOUHLIM
ApoueccoM — noansepusaumei. B pesyawtare npucoefliHeHHA 00-
pasyiotea kak 1,2-, Tak n 1,4-mponykTH. 3jech GyIeT paccMOTpeRo
TOJIbKO GPOMAPOBAKHE.

Hapectio, 10 npH OGpoMupoBaluil OyTagneHa ROJYY2EeTCs CMech
3,4-pubpombyrena-1 u 1,4-nu6pombyrena-2. Hx cooTHolueHne omnpege-
JAETCA TeMneparypoli peakuuu:

CHy=CH —CH =CH, - Br 2PacTeore Cly
— BrCHy —CH —CH =CH;-}- BitCH; —CH = CH —~CI1,Br

r

Mpu 40°C ... 20 % 80 %
Tips —80°C .., 80 % -20 %

IMpr Hu3KUX TemMneparypax RAoJAyvaercd GO/bme TOr0 RPOAYKTa,
cKopocTs O0pa30BAHHA KOTOPOro Bhillle (TAK HA3HBACMbIA KMHETiYe-
CKH KORTPOJAHpYyeMbifi APOAYKT peaxuuu).I1pH BEICOKHX TeMHepaTypax
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o0pasyercst TEPMOAHHAMHUYECKH Gojiee CTaGHABHLIE NPOAYKT (TepMopnu-
HaMHIECKH KOHTPOJHPYEMEH NPOAYKT PeaKLuH).

[TousiTHe «KHHETHYECKHH KOHTPOAb® O3HAYaer, YT¢ COOTHOLUEHHE
NPOAYKTOR PEaKUUH ONpeResseTcsd OTHOCHTENBHBIMH CKOPOCTSMH Ha-
paiieqbHEIX peaKumMi, NPUBOZAIHX K MX ofpasosanuio. [loHartue
4TEpMOAMHAMHYECKHI KOHTPOJb» O3HAYaeT, YT0 COOTHOLLEHNE APOAYK-
TOB PEaKUHH ONpeAeasieTcA KOHCTAHTaMM paBHOBeCHS MX B3aUMHOTO
NpERpallehds] HJAM B3aHMHOTO MNPEBPALICHHA NPOMEKYTOUHBIX OPO-
AYKTOB.

Peakuug Hpucoemunenus uuer depes obpasosanue KII3, xotopii
MOXKET MPeBPallaThes B KOHRYHBIA HPOAYKT 4HAJOTHYHO ATKeHaM (CM.
ra. I1. 4). B TakoM caygae MoxeT ofpasoBatbed TOJIBKO OPOAYKT
. 1,2-npucoenunenusd. Bosmoxuo npespamenne KII3 B craGungsnpo-
BAHHBIA CONPSIKEHHLIA KapOOKaTMOH, KOTOPEIA jdeT MPOAYKThE Kak
1,2-, Tak u 1,4-npucoenntenua. O6pasosaHne FPOMEKYTOTHOrO Kap-
GokarioHa 6oJiee 2epOAITHO NPH NOBBUIIEHHOH TeMneparype H B IoJsap-
HHIX PacTBOPHTEIAX:

Br, -.ﬁ

HI .
CH.=CH—CH=CH; = CH;=~CH—CH=CH;

Kﬁ ‘ T_ 1 -

BrCH:— CH—CH==CHy —~—» CHz—(IZH-—CH——-CH.

b )

+ . .
BrCH;-—CIli=CH—CH: i BrCH;— CH=CH — CH{:Br

CrpoeHue npoMeXyTOWHOro KkapOGoKaruona ajJanibHOTO — THOA
MoXer GHTR H300paXeHo PpesoilaHCHbMH (QopMynami, KaK B CXEME,
HJH TOUSYHBIMII 1E/OKANH30BAHHLIMH CBA3AMH H APOOHBLIMH 3apaJaMu:

‘+ X3 85’ ’
BrCH;—CH=“CH=*CHjz 3+ 8'=1

AHanorHuso Moryr GBITb PACCMOTPEHRI peaKlu#t ¢ APYTHMH 3JjeK-
TpodHILHLIMH peareHTaMH.

3. OGpasomaHMe  n-KOMIAEKCOB  MeTaqnoB.  AJxkajmend-1,3
OYeHb JIErKO 06Pa3yIOT KOMANEKCH ¢ NPOU3BOAHEIMH METaJIO0B (coas-
Mu, xapGornaamu). Hanpusmep, aerko nojydaerca n-kKoMuJekc Gyrague-
Ha ¢ coasamn muariusi: K((CH,=CH—CH=CH,)Pt.Cl,l.

BaxHoe 3HaueHue HMeeT Kommiaekc ¢ xuopuaom mean (I} CuCl —
wentoe semecteo cocrapa [CH,=CH—CH=CH,|Cu,Cl,. J/lerkoe o6pa-
30BaHHE 3ITOCO M-KOMILIEKCA HCNOAL3YIOT B NPAKTHKE IS BLIZCTACHUA
GyTajueHa H3 ra3oBrIX cMeced. [Ipn pasnoxeHuy KOMOJEKCa NOMy9aioT
YyHCTHII GyTagueH, AHAJOTHYHBIA KOMIJEKC 06pasyer H3ONpeH.

B ynoMAHYTHX KoMOjAekcaX ajxaaMenhi-1,3 cBssaunl ¢ AByMs ato-
MaMH MeTajaa. .

Heofbi4so CTaGUABHEIN %-KOMIJIEKC ofpasyercs APH B3aHMOAEHCT
BuH 6y1afuena ¢ KapSonmnamu xenesa: [CHy=CH—CH=CH,] F&{CO)s.
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0 0 Pentrerorpadudeckue HCCAGIOBAHHA HOKA3aJH, YTO B

}.5° orom komaexce OyTanned cyllecTByeT B yuc-popMe M Bee

\ &y cBsH C — Ccraan papuoft anuner (0,145 ©m). Dyraanen

\_/ 37eChb BRICTYA4eT KaK YethbIPeX3/JCKTPOHHBIA JHrang (ra.

zrommeec  X. J1.2). TpynaupoBka Fe(CO), Haxomures Hax RJAOCKOCTHIO
MOJIeKY /bl GYyTaAueHa.

4. Momimepuaanus. Ankaguenn-1,3 J€rKo NOAUMEPHIYIOTCA B NIPH-
CYTCTBHH CBOGOAHRIX PAIHKAJIOB HJIH HEKOTOPHIX METAMIOPraHuYecKnX
coeauneHnit. [ToaMepusauns o6HYMO APOUCXOAMT MO CBOGOJHOPAAH-
KaJbHOMY HJY NO AHAOHHOMY MeXaHH3My. B RpUCYTCTBHM wiesn0YHBIX
METa/IVIOB OCYIMSCTBAACTC AHMOH-DafiMKaJLHuLf MexaHusm. B npus-
e NOJHMEPH3ALHUA MOXKET HATU H IO KaTHOHHOMY MCXaHH3MY.

O6uIYHO NOJHMEPH32LHA NMPOUCXOANT Kak |,4-npucoeguHeHHe, HO
¢ npumechio 1,2-noaumepa. B npuBeneHHBIX HIDKE peaKUUAX NOKAa3aHO
ofpasopanue ToJbKo 1,4-nosumepa.

AXTUBHRE CBOGOAHBIH PafHKaI INPHCOSIHHICTCH K MOJEKYJe af-
Kannena-1,3 n o6pasyer HOBRIA cONpsKeHHBIH CBOGOAHMIN pajuKand an-
JMBJIbHOTO THNA, KOTOPHIH OTHOCHTEILHO cTaGuleH, HO CNocoGeH mpH-
COEIIMHITRCS K JAPYrol MoJiekyJe aikaguena-1,3. Tak BoaHKKaer meHb
NOJMAMCPH3ALHRHA:

Re+-CHy=CH ~CH = CH, — RCH, ~CH =CH — CH, SH:=CH-CH=CH{
— RCHs —CH = CH —CH,CH; —CH = CH —CH, SH:=CH-CH=CH,
~— RCH;—CH = CH —CH,CH; —CH == CH —~ CH,CH, — CH = CH —CH,

B mpowmexcyrouno obpasytouemca cRoGOIHOM paguKae NPOUCXOINT
JenoRanu3annsa HECIIaPCHOOro 3JEKTPOHA:

RCH;—CH=CH—CH; ~—= RCH,—CH—CH=CH,

669 50
. m RCH,—CH™“CH“CH;, me &+4'=1 "

CpoGoflueie pafiKaasl U3 PEaKUHONHON CPENEl HCHe3alOT B Pesylbe
TaTe JHMEpH3aLuy HJAM JUCAponopuHoBHpoBanud. [loumepHas uems
MoXteT 6biTh B305paNkeHa CJERYIOUINM o6pasom:

RCH;—CH =CH —CH;—[— CH;—CH = CH ~-CH, —],~CH = CH—CH=Cl{,

B ofuem cayuae KoHUeBbE TPYONEL MOTYT GHITH Pa3HEMH,

Csofoaunie paguKa/sl B PeaxUMOHHOH cpele TeHepHDPYIOT Pasno-
KeHUEM NEePOKCHNOB.

B TpHCYTCTBHN METAfNHYECKOTO HATPHS OCYMIECTBASETCA NOJHME-
pA3auHA HO AHHOI-PANNKANBHOMY MeXaHusMy. AHMOH-paAuKan Gyra-
AueHa 00pa3yercst npu B3AUMOACHCTBRE HATPHA ¢ MOJIEKYJIOH GyTaimne-
Ha, IPH STOM aTOM HATPHR BHICTYNAET KAK CHAbHeHMIHH 3JEeKTPOHOI0-
HOp:

CHy=CH~—CH =CH, -+ -Na —s [CHy=CH —CH = CH,}~ Na+

Hecnapenunlii anektpsi venoassyer HCMO 6ytannena (¥,) u siBaser-
€A JienoKann3oBanikM. HanGoabmas DJIOTHOCTE 210 HA NEPECM H 42T-
BEPTOM 4TOMaX Yr/iepopa. AHHOH-pajAHKaJ DNPHCOSAUHSAETCA K APYroit
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MoJexyne §yTajHena M BHI3BIBAST MOJUMEPUSANHIO N0 PATHKAALHOMY
mexanuamy. [lonumepusanus oGHYHO OCYLIECTBJAAETCA HA HOBEPXHOC-
Ti1 MeTaana, npHYeM o6pasylorTcs 3HaduTebHHe KoJaxyecrtsa 1,2-do-
Jaumepa. .
[Tonumepusanwio HRHUHHPYIOT METAJJIOPraHHdecKHe COeHHEeHH.
Hanpiimep, natpuil- Ban AnTHARCPranuyecKre coeAHHEHHA HHREHNPYIOT
ROJAUMEPH3alUI0 N0 KapGaHHOHHOMY MexaHuamy. AKTHBHOH yacTulleH
ApPOoJJIeHU S Lend HOJTHMCPHS&ILHHA IAECh ABAACTCHA l(apﬁaﬂuoa:

CH;=CH—CH=CHj+Na+:R= — :CHy—CH =CH —CH,R
Na+ ‘[cu,=cu-cn=cn,

Na+:CH,—CH=CH —CH;—CH3—CH=CH—CH,R ~—> ...

Kap6aunou sIBAAETCA CONpAMKEHHOH YacTHUEH AANHIBHOTO TINA,
NpaBUABHG €ro CTPYKTYPA H3aOpaKaeTCH AeNOKA THI0OBAHHBIMH CBA3SIMU:
p )

F L r
CH,““CH==CH—CH:R +s=1)

Peakuuyu nofuMepH3aUuH ¢ KAPGaHHOHHLIM MEXaHu3MoM RpHHaaje:
MaT K PeakiuaM HyKJIeopHALHOrO MPHCOeAHHeHusa K anxainenav-1,3.

Ha garasusaropax Llurnepa — Harra (amomuunii- 4 Tutasopra-
HHYeCKHe COSAHHEeHWS) aiKaiueHl-1,3 RONNMEPH3YIOTCA OuUeHB JETKO,
UPH 5TOM B OCHOBHOM 00pasyioTCsl CTEPEOperynspHHE NOTHMEpSE.

MakpouMo/ieRy/IH NOAHANKAAHEHOB MOTYT HMETH Pa3iHYHOE RPOCT-
PaHCTBEHHOE CTPOEHHE: .

TN« ANHAYTAIHEH YuC-nOANEYTI R

FIMHC~ TOAHKIONPeN YUC- UMATONPER

31ech HOKa3aRbl CTEPEOPETYAAPHLIE Huc- U MPAHC-TIOTHAAKATHEHH.
B mpucyrcTBuu Karaanzaropos Huraepa — Harra B ocHOBHOM ofpa-
3YIOTCH yuc-AONMANKATHEHEI. :

B npouecce noaumepusanyu no cBOGOAHOPARHKANBHOMY MEXAHU3MY
o6pasytorcsi NOMHMEDH C HEPEryJIAPHOH CTPYKTYpof.

[Tpu nonumepusauum anxanuenos-1,3 B cMecH ¢ NPOM3BOAHBIMA
a/IKEHOB NPOHCXOAMT COBMECTHAS NOJHMEPH3alus (COROAMMEPH3aLHA)
H 00pasyroTca GOJMMEpH CO CMEIIAHHOMH Lenblo (CONouMephl), Hanpu-
Mep noautyraauenctupos {cm. ra. VI. A5).

5. JluenoBwit cuHTe3. Anxaauene-1,3 MOryT NpHCOSAHHATLCA K
ABOIHHOH (MM TPOLHOH) cBA3H ¢ 06pa3oBaHieM LUKAHYECKOTO NPOAyK-
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ta (uuknonpucoeauneune [2-44]). Jlerko opoNCXOfAT PEAKUUE aaKa-
nueHoB-1,3 ¢ coefHHEHHAMH, COREPKAUHMHU axmsnpc)magn?m A80it-
hyto ¢843p (aKUSATOPHBE B/ JAQHOPHEIG 3AMECTHTENH). DBrepphe Ta-
Kyi0 peakiuio “Hawfguam pemenkue xumuxe O. Juase u K. Ansaep
(1928) npn BaauMogeficTBuu GyTaaueHa ¢ n-GEH30XHHOHOM HJH Majeh-
HOBBIM AaHCHAPUAOM:

0

1 0
Vs HC/C\}:H m\)l\

Lol UL
f e, 6 !

fl
o

n-6¢ H3OXHHOH

[Npoucxoaur YuknonpucoenuHerne. TaKylo Ppeaxkuuio HasbBAOT
Ouernosoim curme3on WK peaxyued Huavca — Aavdepa.

[NpeanoaaraweT, 970 BepBOf CTYHEHbIO peaknuy ssasercd ofpasosa-
uue KII3, 3areM crelyeT COIMAcOBaHHOE LHMKJIONPHCOeAHREHHE (Iie-
pHUHKAHYeCKas peakuus, cm. ra. V. I):

A A /'; A A
(=l — gL~
TR N 7 S N ~a A
' Kn3

YRaerca OCYIECTBHTE TaK)Ke AHEHOBLIH CHHTE3 MEXILY ABYMS MOJ€-
KyJdami guenos-1,3. Hanmpumep, usonpen Moxer o6pasoBaTb HUKAH-
YeCKHH AuMeEp — AMHENTeH:

é‘fr l -

Huorga anenosmit cHHTEs Moxer 6uTh ofpaTuMbiM. [Ipn Harpesa-
HHH RPOXYKT APHCOSAUHEHHSl pacHajaeTcs Ha KOMHOHEHTHI (perponue-
HOBBIT CHHTES). -

1 -meTin-A-macapanesm-
LMRIONEKCEH (ApNeuTeN)

4. KAVUYK

Harypaabuniit kayayk npescraBiser cofoll 57acTHIHYIO NPM HH3IKHX
TEMNepaTypax, AAACTHYHYK THpHu Gosree BLICOKHX TeMOEPATypax Mac-
CY, KOTOPYIO 1I01YYaI0T H3 MOJOYHOrO COKa Jartekca GPasuybCKOl reper
(Hevea brasiliensis). B 3ToM coke B 8afe SMy/IbciH HaXoAuTCS KaygyK.
Hs smyibcHi npu HAarpeBawWH HOAYRAlOT ANMACTHYHYIO MAccy — Kay-
YYK-Chipel. 3To yMenu AenaTh yXe ApeBHde MHAelusl [Oxuol Ame-
pukn, Ilepsam esponefinem, o3HaKOMHBIIEMCA ¢ KaydykoM, 6xa X. Ko-
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ayu6, [Toapo6Ho cBoiictBa Kayuyka onucHBaa ¢padllysckuil ecaeno-
Batean LI, Kosgamun B 1735 r. [TepBoe mpaxriyeckoe HCOONB30BAHHE
Kayuyyka Hawen K. Maknntow (1823)—npu NPONKTEIBAHUU TKAHH pacT-
BOPOM KayyyKa oH NOAYYUJ BojoHenposHuaeMeii marepuad. HanGosnb-
Hiee sHauenue umeno otkpurtne Y. [ympmpa (1839). On ofHapyxui,
410 npH 0o0paboTKe Kayuyka cepoil HaM cepycofepauiiMH cOenHHe-
HESIMH NIOJIYYaeTcs MaTepHaN ¢ OTJMYHBIMH MeXaHHYecKrMH cBOHCT-
BaMH — pesuna. S10T npouecce O HASBaH syaxamusayuel.

B Hacroamee Bpems noTpeCHTENAMH KayuyKa W pesiHEl ABAAIOTCA
WHHAAR NPOMBINLIEHHOCTh, NPOH3BOACTBO H3OMSIUHOHHEIX MATEPHAJIOB,
o6yBHasA NpPOMBIILIEHHOCTD H T. J.

Hiccnepopanusa o yCTaHOBAEHHIO CTPOSHHS KaydyKa H CO3RaHHIO
METOAOB MOYICHHA CHHTETHYECKOrOo Kayuyka AJMHAHCH Bovsiee yem 100
aer. B 1826 r. M. ®apageit ycraHoBH/, YTO KayuyK COCTONT TONBKO H3
yryiepoaa kB Bonopona, a I'. Baaeame B 1860 r. npu cyxoii neperouke
KayuyKa Boaydda nsonped. CTpoeHHe KayyyKa OKOHYaTENbHO yCTa-
HoBH Hemeuxuii xumuk I, Ilrayauurep (1924). Oxaszaaocsk, yro Kay-
YyK sBasiercd NHIHMEPOM H3ompeHa:

CH; —C=CH—CH; —(—CH;—C=CH—CHy—],—CH =(|:—CH =CH;
éHs HS CHB

rie n=1500. . .2200 (monekyaspHas macca 100 000...150000). Ha-
TYPaJbHBIE KaydyK COCTOHT H3 CMECH MOJIEKYJ] NOTHH30NpPEeHa pas-
Jn4Hoil pruHet. [To3Ke Ha OCHOBE pPeHTTeHOCTPYKTYPHOrO araaH3a Geio
YCTaHOBJIEHO, YTO HATYPAJbHEI KAYYYK HMEET CTPOSINE yuC-TONHH30-
npena. B nprpose BcTpewaerca TakKe mpasc-NOAUH3ONPEH, HAsLBae-
Mblll eymmanepued, KOTOPHH HMeeT XYAIINE MexaHuUecKie cBoicTpa.

Yxe Hawnnas c 1878 r. Hayuanace NOMMMEPHUSALUA AJKAAHEHOB-
1.3 ¢ neneio noayueHus CHATETHUECKOrO KayuyyKa, Tak Kak 6blio Jo-
CTaTOYHO RAHBBIX O TOM, YTO KayuyyK MPeacTaBfser coboil BECOKOMOJIe-
Ky/JApHEIA HEHACHIIEHRHI yraesopopox. o 1916 r. 6uinm paspa6o-
TaHBl pasnAylibie cnocolh! NOJMMMEpH3aliHu B MPHUCYTCTBHI KaX Na
uar K, Tak ® CBOGOARHIX PajHKaJoOB AJsA Hepa3(GaBAeHHBIX aJdKaaue-
HoB-1,3 1 a9 BoaHuX smyJbcufl. Ho ans ofecnedeitttsi RpoMulllIEHHOTO
NPOU3BOACTBA CHHTETHYECKOTO KaydyKa HEOOGXOMUMbE TaKKe NPOMEBILU-
JieHHble MEeTO/ILl MONYYEeHHs aaKagueHoB-1,3.

B 1916 r. B lepManun 6ul BHepBEiC pa3paboTaH NPOMBILIICH B
MeTo[ MNOJYHYEHHsT CHHTETHYeCKOro Kaydyka noanvepusaumeli 2,3-
Jumerundyraguesa, Tak HasbiBaeMBlil «METHAKAYYYK» HMENT MHOTO
OTPHUATENbHHIX CBOACTB, U €0 B HAcTOfllee BpeMs HE NpPOH3BOIAT.

TlepBHiA NMPOMBIILTEHHHA METOR NMPOH3BOACTBa GYTANHEHOBOTO Kay-
yyka 6bin1 paspaoraH coBeTckuM xumikom C. B, JleGeperniv B 1927 r.
Byrtapuen OH mosydas W3 STHAOBOrO CIHPTa, a NOJAMEPH3ALUHS BEJACh
B npacyrctBHH Na. B 193] r. 6bi1a BhImymieHa 3KCIepuUMeHTaIbRAs
naptesa, a B 1932 r. Hagasoch OpOMEILLTIEHHOE NPOH3BOACTBO. B neprog
¢ 1938 no 1942 r. xpynHoe MPOU3BOACTBO CHHTETHYECKONO KaydyyKa
Bhpocio B lepmanuu u CIIA. B lepmannyu B OCHOBHOM NOMYYaJH CO-
nosyMep GyTAAHEHa €O CTHPOAOM  (BHHHIGEH30MOM).
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Haguuag ¢ 1950 r. #ecnenosanach BO3MOXKROCTS NMOAYYEHR S CTepeo-
PEryIspHOro Kaygdyka. Bneppnie cTepeoperyasphyio noaHmepusa-
LHIO #30TUpeHa B NPHCYTCTBAM JUTHA HAGMOAAN COBETCKOR XHMHK
A. KoporkoB. B nocneay romye roger npH ACNoNb30BAHHE KOMIIEKCHEX
xarammaatopos Llurnepa — Hatra 6bi0 paspaGoTaHo NpOMEIIIIeRHoE
TMPOHU3BOACTBO CTepeoperyJisipioro noaunsonpesa, B CCCP mpomenn-
JIeHHas NapTas 3T0TO Kayuyyka €hiia BuinyuleHa B 1963 r. (kayuyk
CKH-3). To ceoficTBaM DTOT CHHTETHYECKH# KaydyK He ycTyman Ha-
TYpanbHOMY.

B 1956 T. nox pykoBoAcTBOM coperckoro xumuka B. Iloaromnocka
Guina paspa6oTana METONMKa cTepeoperyaspRoil noanMeprsatn Gyra-
JIEeHa W TNOJYYEHHA YtLo-OYTafHEHOBOrO KayuyKa (LUBHERAKAYUYK,
CK ). Mo snactuynoetd CKJL re ycrynaer CKU-3, HO npeBrnuaeT ero
B YCTOHUABOCTH NMPH HH3SKHX TEMHEPATYPAX M H3HOCOCTOHKOCTH.

B sacrosillee BpeMs YIPOH3BOAAT HE TOJBKO H3ONPEHOBLIA B 6yTalH-
eHoBRbIY Kayuyku. [lpr noswuepusaunu 2-ranores-1,3-6yTaauencs fo-
AYYaoT XAOPONPEHOBHIl HAH ¢roponpeHoBuili Kayuyk. HasectHul H
JAPYTHE COMNOMHMEPH — GyTaaueH-CTHPONLABIHA, CyTaAneH-HUTPHIIb
Hulll Xaydyk H Jp.

Muposoe TNpOH3BOJCTBC CHHTETHYECKOr0 Kayuyka mOpesmLlaer
5 MAH. T. B TOA H HMEET TERJENIHIO K POCTY. :

B. MOJAEHBI

¥Yriesonopoasl ¢ HECKOJTBKEMH JBOfHEIME CBR3fMH B MOJERyfle Ha-
apiBawored noauerasmu., OAHAM U3 NPUMEPOB MOJHEHOB ¢ HRCONpsieH-
HEIMH ABOMHLIMH CBASAMH ABAACTCH MaKkpomoaekyna kayuyxa. Ceoe-
00pasnbME COSTUHEHHAMH SB/SIOTCA COTpSIXeRMHEE NOJMUeHHl. Mero-
JI HX CHHTE3a CJOXKHBIe. MHorne nojueHM H HX NMPOU3BOAHLIE CYLIECT-
BYIOT B IPHPOJE. _

B Mosexyse moxteHa ¢ CONpAIKEHHLIMH JIBOHHBIMH CBSI3AIMH fi-
3/MEKTPOHHAS CHCTEMA CTAHOBUTCA NOABHXKHOH. B pesynubTate nOHHKa-
I0TCS SHePris HONU3ALMH H SHeprus BO30YXKIeHHA MONeKyan. Muorue
COTNpMKENHEE GONUEHbl SIBJAAIOTCH OKPALICHANMA COEJHHEHHSMH. 10
CBS3aHO ¢ yMeHbineHHeM sHepran B3MO n cOanxennem B3MO u
HCMO (puc. 61).

B nouugopax npucyrcrayer nonued Auxonis Cyiosg, KOTOPHIT NpU-
JaeT na0AY KpacHsiit useT. JIakonun HakieH Takke B APYTHX PACTEHHAX
# B BEWECTBAX XHBOTHOTO MPOUCXOMKACHHN. JIUKOMIH NPEACTaBaser
co6ofi KpacHo-(HONETOBOE KPHCTaMIMIecKoe Bellectso ¢ T. . 175 °C.
Crpoenue aukonnua Bbisicuns [1. Kappep (1931):

NN

I

N/ L
4 "/\/ A Vi Ve V4 Ve \l/\/\l/\\/ /,<

MoK1O OTMETHTH, YTO GoabliIHe COMPAKERHLIE CHCTEMBI BECLMA yC-
ToliunBsnl K AeHCTBHIO PA3JANYHBIX peareliToB H [OJUMEepPH3alls He Ha-
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Puc. 61, JuarpaMMel YpoBReil sie
.61. PTHY HEKOTOPHIX NOJMEROB U AIHHXOBOIHOBEE
MAaECHMYMM AOTVIOHIEHAA B 3NEKTPOHHHX CIEKTpax

Gmoaaercs. B peaKuHAX NpeBpalleHHA NPOUCXOAAT JHIUL HA KOHUAX
uenu. [To-pummsomy, paspyienue GOJLINOA CONPAKEHHOA CHCTEMB
CBA3AHO C OMPEAE/ICHHEIM NIPONTPLILIEM B SHEPTHH.

Tonuer B-kaporud CHss pacnpocTpaned B npupose, HaXOAUTCA B
PACTEHUAX, HAUPUMEP MOPKOBH, H B BElIECTBAX JKHBOTHOIQ APOHCXOXK-
Jerust. f-Kaporuu npecraBiser coGofft GpHoneToBOE KPHCTAIHIECKOE
l(s;:fl)lé?;mo ¢ T. IA. 183"(3 Crpoeuue f-kaporuna suiscnun Il. Kappep

NN
\jﬁ\\/&/w\ A\ \(\/\(\/EJ
r | B-raporry VAN
NN

MaxgcaMyMH nomoméaua Kapotina B YP-cnex
npy 478 am (e= 122 G00) u 452 nm (8=_319 000}). TPax RazoAATe
Ha B-kapoTHEa 8 opranusme ofpasyercs BuTamuy A (ra. X1V.B.3).

Traga IV
ANKHHB

Yraesoaopoabl ¢ TPoMHOH CBA3LIO B OTKPLITON LENMH YTAepPOANHX aTo-
MOB Ha3sHBAKT aAkuAamu WIR auemuacxas. VIX obwas ¢popmyAaa Ta-
Kasi %e, Kak 1aa ankaavenos,— C,H,, -
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1. H3OMEPYS U HOMEHKJATYPA

Haspasus anKWHOB OOpasyioT, 3aMensd B Ha3BaHuAX AIKatos cyd-
duke -an Ha -un. Iaa nepsoro HPEACTABHTENA PRAA ankuuos C.Hq
COXpaufieTcss TPUBHANDHOE HA3BARNE QUEULACH, o3TOMY NHOTAA TO-
MOJOTH 2IeTHJIEHA HA3BIBAIOT KaK 32MElleHHbIC AUeTH- TeHDl (paunonais-
4as HOMEHKJATypa) i TPOfiHyIO cBsidh HHOTAA HASKIBAIOT aueTHAenosol
esasbio. B 1a6n. 12 npuseaedd HA3BaHUA ApocTeHmunX ATKIHOB.

Tabauya 12. Apocrefiiuue RPEACTABUTENN ANKHNKOB

Hovexxaatypa
or CorpauenHoe
AHeHHS
pyKryphas popuysa MOMAK pausioHanbHan “m¢gpu;n
H~C=C-—H 3run, aueruaes | Aneruaen =
CH—-C==C—H Hponnx Mernaaneriaet —===
CH;CH, ~C=C-H Byria-l SrunaseTuaen N
CHy~C=C—CH;, ByTait-2 JumeTnaaneTiied —zz—
CH,CH,CH; ~C=C~H Hentun-1 INponiaaueTnien g —
CHsCHy— Cs= C—CHy |Henrtun-2 MetuaatnaauerneH N
4 3 2 1
CH;—~CH—C=C~H 3-MetnaGyrus-1j Hsonponnianeriiet >—£
Hy

Vraepojas Uenb &IKHHOB HyMepyeTcd takuM 06pasoM, dUTOGH

TpoiiHas CBA3b MOMYUH/A HAUMEHBUIYIO wmrppy.
Ha3BaHif OCTATKOB anKuHOB 0GpasyioT, nprcoeAnnng  cydpuKe

-4, CICJIOBATENBHO, ANKIHNAL
H—C=C— STRIILA

?ZH,-;—(% = Cl.'.—l- nponnyus-1
H—C=C—CHy— npontxmi-2 (nponapris)

2. NONAYYEHHE

ANKUHH [OAYSAIOT IVaBHHM o6pascu peaximefl OTIIENNCHHA. AUETH:
feH WMeeT HECKOJbKO CHelluHYecKiX MeToioB ROoaydentd. Huxe
TpUBeIeHa CXeMa TEHeTHUECKOA CBASH MEWAY arkanadi, ankeyiaMy K

anKHHami: .

H H 1
1§ 1 -4 . /R
S - =<
- 4H -2H R H
H H \ / X
g o=
- —2HX
H X
R H o g
\c=c’/ —— R-—é-—-é—-n‘
x/ \Rl X
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t. Mpamoit cunres. JlaA mosyueHusn aueTngena MOMET OWTb mC-
NONb30BAH NPAMON CHHTE3 M3 3/eMEHTOR:
2C+Hy = H—C=C—H .

PapHoBecHe 310l peaxkuud CABHHYTO BNpaBo TONBKO DPH OYEHH
BBHICOKHX TeMreparypax, Buime 3000 °C. Peakuus ocyuiecTBJIAETCH B
SNEKTPHUECKON fyre MEeXAy YrodbHuMu SaekTpojaMd B aTMochepe
Bogopoaa (M. Beptno, 1860} Peakuns nMeer TOMbKO TEOPETHUCCKOS
SHayeH1e,

2, Pearumu nupoansa (MPOMBIJERLHIE MeTca), AUETHJIEH NOTY-
9a€TCAd NPH NHPOJIH3C METAHA HJH 3TaHA (S‘m.qeua): :

1500 °C
‘H
CH;—CH; o CHy =CHy4-Hy 2> H—C=C—H}-2H,

[lpy warpesaumuu Metama mo 1500°C ofpasyerca auetieH. Bpews
HArpeRaHHsa NO/MKHO OBITh OYeHb KOPOTKHM, Tak Kak aleTHASH IIpH
sToii Temneparype GHICTPO pacrajaercss Ha yriepol H BOACPOL. ITo-
3TOMY HeoOxoxHMO CLHICTHOE OXJAaKAeHHe NPOXYKTOB IHPOJaH3A.

s 3. Peakuun xapGupos (npoMuimeHnuii merog). B peakuud kap-
HIOB METaJJIOB C BOJOH obpasyioTcsi ajkumel, Kap6uAl KalblHs ob-
pasyer anerunen (@. Beaep, 1862):

CaCy+2H;0 — H—C=C—H+4Ca(OH)a

Ananoruuno pearupyor SrC; u BaC,. .

Kap6un, kanbuus MOXHO PaccMaTPHBaTh Kak Meraanopraiifueckoe
COCAMHCHAE, COAEPIKAUILE CUIBHG NOISPHYIO CBSI3b YIAepod — MeTaLn

8% 5~ 8- B% B
- 8- e
—Ca—C=C—Ca—C=C—

{
-0 ks
HE—i‘i+
KanGra Marnis Mg,C, ¢ sojoft oﬁpéaye‘r TPONHH:

Mg,Cy--4H30 —» CHy —C = C— H -}-2Mg(OH), '
.uor4. Peakunn oTmenaenus. OTmenzenne atomos raioresa or ra-
qu;HaJIKaHOB HJH TaloTeHaNKeHoB ABAstercs ofmef peaz{uHeﬁ noJy-
e A_ankunoB. PeaKuMs OPOMCXOAMT B MPNCYTCTBUM KOHUCHTPHPO-

HHOH INEJIOYH TIPH MOBHILCRHON TeMneparvpe:

H H )

|
CHa—J:-—c-H-,szamH-_»crls-cac—ﬂ+2wa+3r-+2ﬂzo

r Br
1.2-anCpovwaponan

oH~-
CHy—C=CHy — CH;—C=C—H

r
2-6poxnponed
Heﬂ,'li[:rafloreﬂanxaﬂu NOAYTAI0TCH H3 aAKEHOB B peakuuax NMPHCOERH-
» 1aK MOXHO HauHcarth OGUIYIO CXeMy NpeBpalleHHs alKCHOB B
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ANKHHEBL

R~CH =CH—R1+X,——>R-—-(|:--

MeXaHU3MEl peaKniu OTIICN/ICHH
5. ANKHAMPOBAHHE ANKHHOB.
B aAKHHax MOT'YT OBITH NOJYYEHUEl 3aM

H X
|

[
X H

H..
J‘.-—R“Q—"R—-C=C—-R‘

7 OlKCAHH Ha ¢. 233, 242.
[lpu amelteHyy BOAOPOAHOTO aToMa
elleHHble aJKHHE!, YATHHCIA Uelh

YrAePONHBIX aTOMOB. STO BOMOKHO Hepes MeTanIopralndecKie opo-
M3BOAHME AJKMHOB (aneTh/eRuasl) (cM. L. IV.4.3):

Ri-X
R—CeC—H —»R—C=C—M —+R—~C=C—R'+MX

(3necs M — merana, X — ranoret).
B npucytcTBHE coneit nanaanpus NpoH

akuus RC=CH ¢ R'X.

CXOIUT HENOCPEACTBENHAs Pé-

3. GU3NYECKUE CBOWCTBA U NPHPOLA CBA3EA

AZIKHHL NPENCTaBAAOT cofoft GeclseTHLe rastl HJH wugkoern, Ha-
yupag ¢ Cy, AAKHHBL SBAAIOTCA KPRCTALMIHECKHMU BeIIleCTB aMil

(raba. 13).

Tabsusa 13. Dusndeckne KOHCTAKTE HEKOTOPUX ANKHROB

CrpysTypran dopuyaa

T. ., °C

T. xun., °C T,

H—C=C—H

CH; —~C=C—H
CH,CH;—C=C—H
CH3; —C=sC—CHs

Ilas ankuHOB XapakrepHa 66Jb
vem y ankenoB:Rc.c=%4,17, Rc=c

—=80,8(170 kITa) j| —83,8 (posrouxa) 0,6200 {(—84°C

—101,5 —23,3 06785 (—27°C)
—130 8,6 06680 {0°C)
—32,3 27,2 0,6880 (23°C)

mas Monexy/aApuas pedpakuus,
=5,06. 310 CBUALTENLCTBYET O

66abIIeli MOJSIPH3YEMOCTH TPOITHOIT CBASH.
TepMOXHMIYECKAsT SHEPTHS TPORHON CBA3U MCHBINE, HeM CYyMM4

SHEeprHi TpeX OpAUHAPHBIX cBsselt (radm. 14).

Tabautia 14. TcpPMOXHMHUCCKAA OHEPTHUR
YEACPOR-YIVIEDORHBIX cpa3eit

Ceasp

OReprus crAsm,
ROAXR/Monb

DRCPref B pacHese ua
ofuy ¢nadh, KK/ uonk

OO0
oo

nid

344
615
812

344
207,5
270,27
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Tepmoxumayeckue AaHHEE cau,u.erenscrﬁym 0 TOM, 4TO 'rpomian
¢RASH MeHee cTabunbHa, yem Aofinas. Cam anernaeH -— TepPMORUBaMH-
yecKH HeycTofqupoe coenunenue, JKuikith ametuneH crnocofen &
B3pHEBOOGPA3HOMY PACHafy Ha Yr/iepos H BOZOPON.
ua e?n:g;na nounaauaaBgil&egnaeHa GoJbLue, YeM 3TuJeHa. 310 03Ha-

. 3NEKTPOH Ha ¢BSI3an Kpemnue, & a
opbuTtany Gonbile). P » B Y STHACHS (Snepras
3U aueriiniena pesxg CHWKaeTCHA NPH BBEACHHH aiARM/BHBIX Tpyma:

Vraesogopog . . CHy—=CHy CH;=CH; HC=CH H —-C=C

3 11.6 i5.5hz HO=CH HC-OocH

uMo.nexy.na ALETHAEHA HEMOJIApHA, HO NPH BBEJCHHH OAHOH anKHMb-

gou rpymns nci::ua.ﬂsle'rri:t{i SHAYNTENLHBH AHTOAbHLN MOMEHT. 3T0 CBH-
eTe/bCTBYeT O GoJIbluefi NOAAPH3AUMU MOMEKYJH, Y

. eM B Cv,l Qae o

MEIHEHHKX 3THACHOB: YR Y >

;8B . .. ..

Coenviuenne . , . CHz—~CH=CH; CH3—-C=C—
g, Kaom-10% | . e 20,5-10 H (CHCL=C—H
A 0,35 0.75 0,65

AJKHJIbHEE 3JIeKTPOHO
JOHODHEE TPYNNH NOJAPHIYWT TPOHHY0
3(3;331:. Coublue, uem ABORHYIO, YTAEPONABIA aTOM B TPOMHOA CBA3H HMeeT
BILYIO 3NMEKTPOOTPHLUATEABHOCTD, YeM B IBOITHOM: '
54

s i 5~ 5+

" -

u—@-céﬁ:*ﬂ
5+

H

VBenudeHse 3/MEKTPOOTPHLUATSABIIOCTH YIJIEPOJHOrO AaroMa Mpi
Mepexoe OF 3Taita K aleTHACHY NOATRePIKIACTCH YRenuueHEeM AN0b-
Horo Moxenta ceasu C—H (8<C§'<c6”):

6—| &+ R 68— /R g
Coeaunenwe , . . ., ... R~C-—H SC= < —_ il
R/ _C\gls_[+ R—C=C—H
i, Kaema10% , . ., 1,00 2,10 3.5
. ] + N l
T ) 0,3 0,63 1,05

BaHS?ggT?]?il;orpa:}mqecmre HCCNEenOBaHs MOKas3anad, 4rTo aueriiero-
I OBKa HMeeT JHHeHHOe CTpoeHiie H i
oot p (anronaasHLIE Yraepon-

0,105 o 0,221 g 0,106 v
C

i 150°
J46me 0021 oy 0,106
CHy—C =C m«i

Tpoiinas cBA3b SHAUHTEALHO Kopoye RBOHHOIT CBA3A

Crpoenne MOAEKYNIBl alleTHIeHA OOBACHACTCH m:xo;u; #3 Mpexncrap-
JICHHA O Sp-ruGpuAH3aitMH Yr/AePOAHOrO atoMa {puc. 62).

B 3NMeKTPOHKBIX CIEKTpaxX TOT/IOUEHHsT aJRKUHE! HMEIOT 110.10CY NipH

II{L(?—ISO HM (a—>n*-nepexod), B o6uuHOl YP-061acTH OHH Ipo3pay-
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Pyc. 62. O6pa‘oBaBue R-cB3eil’B MOTEKyAe ateTnIe a

WM fle—e—C

B UK-crekTpax XapaKTepHM BaleHTHble KONEGaHHA CBAM C=C
npu  2100—2260 cm~* (o6eMA0 MA/NOUHTEHCHBHOC OOrAOIERHE) #
cgsasn =C—H npu 3270—3330 cmu™*.

B cnextpax [IMP xuMudeckmil ciBHr 2rOMa Bojopoaa = C—H pa-

geit 1,7—2 M. A.

4. XHUMHUUYECKWE CBOVICTBA

ANKHHN BCTYNAIOT B PEAKIUH NPHCOSANHERHA KaR C NEKTPOPHNbHEL
MH, TaK M HYKJeopuAbHLIMH PEAreHTaMH, B TOM yycile B peakuHn auMe-
pH3alMH, NUEICQJATOMEPH3ALUH, TOAMMEPHSAIHH H oKicnesns {puc.
63). Bawubl peakuuH NPUCOCARHEHHR CO (kap6ouunnposaxie). B or-

_ o
HOOC H 0
_c” R—tbze? 18, rcooH +HCOOH
X # K W H H
9 101
/ \
R z X-Y R—C=C—H | ——» R—C=C—M |
X -—— |
A,
\c==c/\ T R—C=C—C—R’
l( W OH
R—C=C—C=C—R
R R

Puc. 63. Xapaxtepipe pearund aIxilios

JAHYHE OT 4NKEHOB Y aJKHHOB ¢ TPOAHOW CBA3BIO HA KOHIE MOJIEeKY/bI
(TepMIHANBHENE AJTKHHB) HMERTCS pearuAoHEOCIOCO6HAs TPy NiTMPOBKa
o C—Ff M BO3MOXKHB PEAKINH C YUAaCTHEM STOro ¢aleTHIEeHOBOro Bo-
Aopojar.

1. Peaxiun npHcoepunenns. a) TuapunpoBaHue. Anxuun
NIPHCOERUHAT BOAOPOA B NPHCYTCTBUH karaansaropa {Ni, Pt, Pd).
TnapHpoBaHUHE OCYUIECTBARETCA CTYNeHyato:

H H

Kar. Ho /R1 {
R—CEC—RI—[-Hgi" C‘-“C/ -—-—->+H, R —-é—-C—R"

R/ "H Kan 1 )

H H
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OO6hI91I0 PearRUHa MPOHCXOMRT HECTEDEOCSNSKTHBHO H 00pasyloTea Kak
yuc-, Tak H MPaHc-NpoRyKTHL

() BsauMoaetcTBHEe ¢ 3NEKTPOOPHABHBME pe-
aFPeHTaMH. AKTHBHOCTD ANKAHOB K MIEKTPOOHILHBM peareHTam
(cunpHBIC KHCJIOThI, rafloreHbl, HOHBL TSXENLIX H NePeXoNHEIX METaaa0B
H Jp.) MeObiIe, YeM aKTHBHOCTb COOTBETCTBYIOWIMX aakeHoB. Haume-
Hee PeaxuUuONHOCNIOCOOHNIM ABIACTCA dUCTHJEH, er0 aNKHJAbHHE HpO-
U3BOAHLE OfaafaloT GOAbMeH AKTHBHOCTHIO. I10 COMMIACYETCA C BH-
COKHM 3HAUYCHHEM SHEPTHH HOHM3AUJH auUeTHNCH2Z M Gojee HUSKHAMH
sHaveHusME DM ankmHOB.

31ech  paccMoTpeHE! HeKotophie peaxmun ¢ H-snektpodnnamu
(cH/LHBIMA RAC/IOTaMH) U NMPHCOEHHEHNe ranorenos. I'uapoGoprposa-
uue cM. rg. X1L.A.

Peaxyuu ¢ H-snextnpoguramu. BsaaMopelficTBue ¢ ra/JoreHOBOIG-
poAaMu (THAPOTaJOreHHPOBAHHE) BAET MEJJIEHHO, OCOGEHHO A aleTH-
JieHa. Bepoareo, 370 00bACHAETCA YMENLIICHHEM CPOACTBOM TPOHHOM
CBSI3A K IPOTOHY:

Me H. Clt
H—C=C—H+4H Gl
1’ H

BHHIMXIOPIA

c—c/

ANKHANPOH3BONHBIE AlETHJCHA PEATHDPYIOT OLICTPEE H COTMIACHO
npann).ny MapxopunkoBa (B COOTBETCTBUM C TNOAAPHOCTBIO TPOWHHOMH
CBA3H): .

\5— 5+ - X A
MO cLE B 4 Bk — Nomc”

et
Kax npasuio, NpoHCXORHT MpaHc-NPUCOSTHHEHNE,

Peakuuio npucoeiisennst raJoTeéKOBOROPOJOB K TpofiHoll cfsH
Pe3KO YCKOPALT NMPHCYTCTBHE conefi ofHoBadeHTHO# mean. CuuTaior,
UTO B 3TOM CJIydae TLOHHAA CBA3h AKTHBHPYETCA 06pPa30BaHHeM M-KOMM-
JIeKCa:

. .
R D
@-I-HCJ + g == “g-ca‘cr —_— Il vt — I +cdel
[ o a4 AN

o M a H H

37ech GaKTHYECKH NPOHCXOAHT HYKneopHAbHOe MPHCOSNHHENHe K
TPOHHOH CBA3H, AKTHBHPOBAHRON HOHOM Meramna. [losroMy MHorue
peakuHn TpHCOeAMHEHUS K TPOAHOH CBA3H, KAaTaAW3UDYeMEle HOHAMH
merainos (Cu*, Hg?*), \oryT paccMatpHBaThes Kak peakuuy HyKJe0-
¢uapHOro npucoefnaenns. Hanpumep, peakums. ¢ BOAHBIMH pacTBo-
paMa cepHOlt KHC/IOTH MPOHCXONAT TONLKG B NPHCYTCTBHM cONelt pTYTH
H B HTOre MOAYYaeTcA NPOJYKT MPHCOEAHHEHHS BOAH (CM. HHiKe),

Hpucoedunenue 2arocencs. Peakuus npOHCXOZUT MeLJICHHEE, 9eM B
Cnyyae aJKeHOB, NPU 3TOM MOryT o6pa3oBaThCA KaK mpasc-, Tak d
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yuc-nuranorenankesst, Hanpuamep, GpoMupoBanHye:
R Br R R2
R—C=C R-—l—Br,—»Br/ \R’-+B¥/ C\Br

MexaHusM peaknuM NPHCOSAHHERHS FaJOTeHOB X aIKHIaM O KOH-
11a He BuisicHed. T10 ananorii ¢ peakuusAMH NPHCOSANHEHHS K ATKeHaM
MOKHO NPEANONOKHTE, YTO CHavasa obpasyerca KII3, B koTopcy Tpo#t-
Has cBA3b AKTHBHPOBAHA LA ATakH HykJAeobuiabHOM uactunefi, Tlpu
STOM MPOUCXOANT NPEATNOYTHTENDBNO MPAnCc-NPUCOCAUIICHHE:

R R .

| R . R Bf
sl

c 8'+(|: 5— \C '_--.: \C/

B +387 == 8+|||—>Br3 _ Br__|1=_+ :Br  ——om I

C C C e C

| | R & B &

R! R! r

He ncKMoYeno, 910 B XOM¢ PEAKIIHE MOTYT NPOABAATHCS CBOGOAMbIE
pamukanbl (HanmpuMep, B upouecce Bry—2Br+) w peaxkums npucoenu-
HEHUA NOMIET N0 CBOGOXHOPATHKAIBHOMY MyTH (CM, HIKe).

) BsanumoaeficTBHEe ¢ HYKAEOGHADHBMH pe-
areHTaMHn. Auetuied H ero NPOH3BOAHHE MOTYT NPHCOSAHHATH
TakHe HyKAeodnJbhLe peareHTs!, Kak BOfia, CIHPTHL, aHHOHH KapGo-
HOBHIX M JPYraX KHCJOT, HO B OCHOBIIOM B NPHCYTCTBHU KaTaJIH3aTO-
poB — coateit Mexu (I) man pryru (II). Tosbko B OTHCABHHX CIy9aax
TIPH BHICOKHX TeMIieparypax HaG/MmogaeTcs NeKaTaluTHIeCKOe NpHeoeRi-
HeHHe HyKJcoduaa (HaNpiMep, aJKOKCUIOB). .

ANKHHEl NPUCOSTHHMOT BOXY B KUCJOH Cpejle B NPUCYTCTEHI conelt
pryta (M. I'. Kyuepos, 1881). Auernaed B 5T0if peaxuli AACT yKcyc-
HEI aAbIETHX, a APYTHe AJKHHW AAIOT KCTOIILL

Bel+ H\ /R*
~C=C—R1-L =C: CHy—C—R?
R~C=C—R!- on? R/C C\OH —.iR 3 i R

TTepBHYREIM NPOAYKTOM NPHCOSAMHERNs ABJsercd eHoa (ra. XV.A),
KOTOPHifi OHICTPO NEperpyNnHpOBEBAETC B KapOOHHABLHOS COSLNHERNE.

BepoaTHHIH MexaHU3M NPHCOSINHEHHA BOAM K -AUETHAEHY Upen:-
noxaraetr ofpa3oBallie JI-KOMIVIEKCa MEXKAY ALETHACHOM H HOHOM PTY-
TH: :

) P
oo L i)
] - . — -
i + HgtX*™ + BT + ,p\ﬂ _ “g—»m’*‘x’ —
K—0:- 1!1 )
k
H H  Hgtx‘- H H
{ N\ N
) +
+§:rﬂ‘1+x&— ; H C/HSH-X:— - ‘TB'FHIH'K’-
H‘-bk.&“_ Ht N /E C-\
Lk u-g M Cow~g W oi Hoou*
151



ANKHHE! MPHCOSIHHSIOT COMPTH KAk B APHCYTCTBHH Coseli pTYTR
HJIH MEAH, TAK U B NPHCYTCTBHH aJKOKCHAOB APH HarpeBauun. B sToit
peaxuyun a6pasyioTest APOCTHIE AVIKEHHJLHEE SOHPH:

.. _Hgt+ R, H
R—C=C—H4LR'—OH —> Ncg¢/
HRI=OH B R0/ S =Ky

B cayyae anernsiena Nonyuaiorcs BHHH/IOBHE 3¢upbl R'OCH =CH,. -

OPHUCYTCTBHM ANKOrONATOB HAH HIEJOYH OCYLIECTRASETCA SHCTOR
HYKJ€OohHABHOE APHCOETHHEHHE K TPOHUHON CBA3N: e

R—'CEC-—H+R1_6:_Na+ — ?\C.—_&— N3+Eg
l. ) - Rl?/ \H
R\C C/H 1
= pio/ =Ky TRIONa¥

AJKHABT OpHCORAHHAIOT Kap6O \
HOBBI€ KHCJIOTHI, NIPH 3TOM 06pasyior-
CA CAOXKHHE ATKEHUAbHBIE SDHPHL > TP pasy

Q
R—C=C—H4Ri—cZ M5 B _MH
\OH H+ RIC—O/ \H \
' Il
G

YEcycHas Kucrota npucoemunser
A K aleTu/aedHy ¢ oGpasoBaiiiiey
Bnug.rigue'ra-ra CHCOOCH=CH, (cM. ra. XXXIII.%A). P
€3Y/IbTaTe NPHCOCAHHEHHSA K aNeTHAEHY OUAHHUCTOTO BO
A0pOIa
00pasyeTca HUTPHA aKPHAOBOA KMCAOTHI (axkpnaouurpun): - PO

A

3+ 8- H
H=CexC—~HtH-C=N— >C-(/
H "C=N

.rmar) Kap6osuauposaune B HPHCYTCTBHH HHKEAEBRIX KaTa-

4TOPOB  A/KHHLI, B OCHOBHOM alLI€THJEH, PearHpyioT ¢ oKcuios
yraepoia (B. Penne, 1944—1949). B aroi PeaknuH B Cayyae aneTi.re-
;;)?61)333’!0’[‘(:5{ AKpHJI0BaRA KHCAOTa HIM €e HPOH3BOAHBIG (adtprr, aa:m-

0
Niccoy), H )

H—C= C—H--CO 4 HX —0) A
u’ C\H

{3aeco X=0H, OC,H,, NH,).

ei’iamgno KaTIM3HPYET TeTPaKapBOHNA Hukesns, KOTOPLIH aKTHBH-
PYET TPOHHYO CBA3L B pe3y.asTaTe 06pa30BaHNA K-KOMINIEKCA:

{ [
él' 5+c
I+ oy, == a:llNico)s + co

& E
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. . . -
3arem crenyer npucoeannenne CO. Ilpeanonaraior, uto B Kavectne
NpOMEXYTOIHOIo NMPoAyKTa 06pa3yercs LHKJAORPONEHOH, KOTOPKH pea-
THPYET C BOAOH, CAHPTOM M/H AMMNHAKOM, JIPHCYTCTBYIOUHMH B peak-

_HﬁOHHO%i cpeae: .

A ) .
o+ T M PP
) - (o) ’ +-_8
iﬁsc: + ; f-Nicor, —s o=c/ﬁ + Nicoy, =X CH,=CH'-—C¢0
; ta ~C g
"""-'»:\‘ } L ! \*r 7 :
¢ ?l M AR RIS L Gl v
1) Peaknuuum ankuHos cO CBOGOXHHMH pa-
AHXaaawMm u. CeobogHbe pAAHKab JerKo NPUCOSAHHAIOTCA K TPOM-
HOH CBfisH ¢ ofpa3oBaHHeM HOBOro CBOOOJHOrO PajuKana, KOTOPHIH

cnocober BCTYHAaTE B JanbHefinme CBOGOI[HOPRRHK&JIBHHE peakonu:
R . R
—_ NE=¢/

N

x/

[IpoMexyTOUNEIM NPOAYKTOM 3[eCk ABAAETCS CBOGOAHBIL paitikai
HOBOCO THNA — aAkenusbHoid paduxar, y KOTOPOrO HecHapeHHBd
B/IEKTPOH JIOKaAU3yerca B sp2-rub-
puanoit opburann (puc. 64). Re r'_’ R Q\' ";R

B pesyabrate MpHCOEIHHEHNS N e (7 C—cq,
CBOGONHOTO pajiKana oGpasyerca Jﬁ ﬂ\x o ﬁ ﬁ X
CMech ABYX H3OMEPHHX ajKeHHJb-

HBIX PajuKafnoB, KOTOPLe MPHBOZAT, Puc. 64. M3omepu caofoguoro ax-
B CBOIO ouepesb, K 06pasoBaHHio cMe-  KEHMIAbHOFO palukaia

CH Huc- H IMPAHC-H30MEPOB KOHeU-

HOTO ApoAyKTa. B 3ToM 3akaioyaercd NPHHUHRHAJIBLHOE OT.IHYHE rOMo-
JHTHICCKON peaklMn NpPHCOEAHHEHHS K TPOHROH CBA3H OT 3J/eKTpo-
duasHoro npucoenurenns. B nocaennem ciydae 607ee BEPOSTHO mpane-
ApHCOERUHEHHE,

e) Peakuuu oOkKuHcAeHHUSH TpoliHofh cBAa3u.
Cusbtinle OKUCAUTENH (TepMaHTadaT KajaHs, AHXPOMAT B KAC/IO# cpele,
030H) pearupyior ¢ ankHHaMu. KoweyHniM NpoIyKTOM peaxkiuy apad-
10TCs KapGOHOBEIE KHCAOTH!, MPOHUCXOAHT PACHIENIEHHE MOJEKYJbl MO
Tpofinofi cBs3i. B OTASNBHBIX CAYHARX YAAETCS H30JHPOBATH NPOLYKTH
YACTHIHOrO OKHC/JIEHUA — G-AMKETOHbI:

—R —COOH 4 R*— COOH

R—C=C—RtY oo
}—~R—~C-—C—R! ,
2, IxmMepusanys, HHKIOOTATOMEPN3AUHA H TOVTHMEPHIALHS 2AKHHOB.
B npucyTCTBHUI KAaTaNH3aTOPOB aAKHHH MOTYT 00pasoBLIBATH AUMEDH,
LUKAHYECKHE TPHMEPH W TETpamephl, AuHeliHbie noaumeps. Poap Kara-
JIH33TOPOB 3AK/MIOYAETCH B aKTHBARHH TPOHHOM CBA3H M MPOCTPAHCT-
BEHHO!l OpHeHTaUMH AAKHHOB B PEAKUAAX UHK/IH3AKHH.

R . R ' R
Ne=¢/ $X—X— “c=¢/ +X.
X X
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Auetiaen aerko JuMepus
yeTca B KHCAOH cpeje B npuc .
Hos Cu* (Hbionenz, 1931): PeAe B MPHCYTCTBHH HO

/—’_,—o-—s-\_\a"’ &— + H H
H—C=C—H <+ H—C=C—H S, \C=C/
. nt 7 ™~

H C\

=NC
“~H

BHNGETLUC TICTICH

3ra peakuna paccMaTpuUBaeTCs Kax NPHCOSTHHEHHE MOJICKYJIEL ante-
THACHA (IIH 2UETHACHHI-UON2) K AKTUBHPOBaMiOH TPOlHOH cBasn
O6pasyerca Takxe aumuuaanetunen CH,=CH—C=C—CH=CH..
LpknoTpuMepH3anys afXaHOR NPHBOAHT K GeH30aY i €ro npousaoﬁ-
HEIM. Peakinsi ocyllecTBAsercss TEPMHYECKH, B NPHCYTCTBIH KOHLEHT-
PHPOBAHHOf CEPHO KHCAOTH MJIH JYYIIE BCErO B MPHCYTCTBHH MeTasl-

JIOPTaHUMECKAX KaTaansaropos {coefunenns Cr, Ni ;
i, Co); Tpyan
PearHpyeT aleTHJeH: » NI, Co); pysmtee poero

3CH3—C=C—H

H,50, (kentt,) /i

r -

H,C” N/ \CH,

1, 8, 5-Tpusmerundenaon
R Rt
, f
3R —Cas C—R R\(/ \I\I/R R\|//'LI\|\/Rl
Rl/\\\l/\Rl Rl/\/\R
R .

Ipu unmo-re'rpamepnéauun auetnena na karaausarope Ni(CN).

G N)
ofpasyercsl UMKIOOKTATETPpaeH M APyrHe NPOAYKTh P s
nukaooanromepn) (B. Penre, 19491)3:y POy (Getison u P

o ==
4H—C=C— Kar; 80-120°C
. 1,0-1,5 MIla I I

B npucyrcreun mamunatopon (cBo6oAHLIX pajliKanos) wAM ocobed-
HO JIETKO B NMPHCYTCTEBHH CNELHAJBIILIX METAANOPraltH4ecKHR KaTaji-
3aTOPOB ANKHHLI NoauMepu3ylorcsi. B pesyanrate ofpaayiorcs conpsa-
EHHEIC NONUEHB! (TOMUCONPKEHEBIC CHCTEMDI):

2

R R
(42 R—c=c—g' ", BN ~d
R\ I c=c¢C \R[
emct” TSN |
\ 2
RI

Ve

R2
Takue nosnconpaxeHHNME CHCTEMH B BHAE NOPOMKA UM TJAEHKH
O6nazaoT CBO2OOPASHHMU SJIEKTPOPUIHYECKHMI CBOHCTBAMI NOBH-
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DIeHAOH SMEKTPONPOBONHOCTDIO, CNOCOOHOCTLIO NOBHINATEL H/ICKTPOMpPO-
BOXHOCTb MpH ocpellieH#u ((poromposomnMoctb). Takue MaTephais Ha-
SBIBAIOT Opeanuveckusd noaynposodnuxamy. [lpn o6paGorke ux mapa-
MH TaJOTeHOB HJH IDYTHMH CHJAbHHEMHU 3JEKTPOHOAKIENTOpaMH (AsF;)
3JEKTPONPOBOIHOCTL PE3KO MOBHIMIAETCA H MATEPHAL NPHOGDETAIOT B
ONpeleNeHHOM HHTEPBale TeMIEPaTyp MeTaNIHyecKue cBoiicrea (op-
raHHYecKHe WM CHHTRTHYECKHe METa/LIH).

Caoeofpasias NOJHMePH3ALHA BOSMOXHA B Cydae aUCTHASHA B
NpRCYTCTBUH HOHOB Cu* B OKUC/AMTENEH:

Cut
nH—-C=C—-H W H—[—C=C—~],—H

Monekyna momuMepa COCTOMT MPAKTUUECKH TONBKO W3 YTA€poOR-
HEIX ATOMOB B COCTOAHHW Sp-rufpuausanun. Jlokasauo, 4To B NOTH-
MEpHOH 1leNH BCTPEHAIOTCA TOABKO KyMYJHPOBaHHEE JABOHHBIE CBA3H:
..0=C=C=C=C=C==... D107 NOJUMED, HA3BAHRDLIA KApOUNOM, MOXKET
GRITH PAcCMOTPeH KaK HoBas aJJIOTPONHas MOAHGHKaUMA YIepoAa
(panoM ¢ anMaszoMm u rpaguToM). -

3. Peakuuu mo csasu =C—H. a) O6pasoBaHue ageTu-
neungoB. Biaronaps snauutensuof moasipHocrn coask C—H B
NPHCYTCTBHH CHJIBHOTO OCHOBAHHA BO3MOXHA MOHH3AIUA aleTHICHI-
JI0B ¢ oGpa3oBaHueM aleTUNeHHA-HOHA: -

R—~C EOC —zsl:fi’-}-:BﬁR—-CEG_: 4-HB+

B po:il CHABHOTO OCHOBAHHsA MOTYT BBICTYNIATE aMHJ HATPHA NaNH,,
MeTalI0pPTaHHYeCKIe COeIHEeAA, WHOTAA KOHIEHTPHPOBAHILIE PACT-
BOpbI Hied04eit:

Na*NH,
—
?:Fi,_n?;x 8— B+
R—-C=C—H — Ce=Ce
— = R —C==C— MgX +CHy
———R—-C=C:"Nat4-H0

B npucyTcTBHH mesouci aueTHACHHAB 00pa3yloTcs TOMBKO B He-
SHAYHTENbHHX KOJHYECTBaX.

Pearmuio aueTHseHa ¥ aTKMHOB ¢ MartufiopraliyeckuMi coefiHe-
Husimu orkpria K. Houma (1902). '

C HOHAMH HeKOTODHX TSKENLIX METaAJI0B 00pasyloTcs ManopacTso-
pHMHE AUSTHAGHHIH, KOTOPHIE OCAKAAOTCA U3 BOAHEIX PacTBOPOS.
Hanpiivep, #3 BOZHBIX PAcTBOPOB COMell MeaH (I) npu nponycKkaHuH
aneTHIeHa BHINMAjaeT KpacHo-Oyphif oCaioK, MOHO3aMELCHHEIE aleTi-
neHb! ofpasylT XKeAThe ALUETAENuAn Mejd; aneTH.IeHHAR cepebpa
SIBIAOTCS GeCLIBETHRIMH BellecTBaMIL:

H-—-C=C—H42Cu+ — Cu—C=C—Cu-}-2H+
R—C=C—H-+Cu* — R~—C=C—Cu4-H+
R—C=C—H-+4Agt* —R—C==C—Ag+{1I+

AneTHaeHIAR MeIn ¥ OccleHHO cepefipa ABAAIOTCH TEPMUUECKI
HecTaGHABHLIME  coepuHeHnsMH. [IpoH3BOIRBIE CaMoOro aueTHAeHa
B3pLIBYATH.

R—C=C:=Na' +NHy

-
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B aueritienuaax, Kak B HaCTOAUUX METANAOPraHHIECKIIX COBANHE-
HHAX, CBA3b YIIEPOJ, — METANA MOXKET HMETh Pa3iHIHYK) NOJKsPHOCTD
B 32BHCHMOCTH OT OPHPOAB! MeTaana., B alleTHAeHHIaX HATPHS MOXHO
rOBOPHTh 00 HOHHOW CBsI3H, B AUeTHNEHUAAX MarHnA (pearentax Honu-
ua) MMeeTCH CUJIbHONOMASIPHAN KOBAIEHTHAS CBA3h, a B AUETHJICAANAX
Meld K cepebpa cBask ManonoaspHa. [TosToMy mX peakuuOHHAA Cro-
COGHOCTD YMEHBIICHA W OHH 00pasylOTCs B BOXHHIX pacTBopax. Manas
PACTBOPHMOCTh AUCTAJIEHINOB MeH H cepebpa B Boie OGBACHASTCS
TAKKE CHABHAM MEXMOJEKYJASAPHHIM B3aHMOACHCTBHEM JOHOPHO-aK-
LLElITOPHOrO THNA?

R—C=C—Cu
R—C=C—Cn

t
R—{=C~Cu

t

AeTHACHEAN HCNONB3YIOTCS B PAa3ANYHBLIX CHHTe3aX.

6) AnkHnHpoOBaHUE H AaPHIHDPOBAHMe. AleTHe-
HHAB PEArHpyIOT C raiCreRNPOHSBOAHHMY YIE€BOAOPOAOB KaK HYKJ/e0-
(HABHEIE PEATEHTH B B PEaKUHH O6Pa3YIOTCS 3aMElIeRHbIE aleTHIeHb:

4- &
R—~C=CmM- R~ X - R—C= C—RI-} MX

B peakuun MOryt GbiTb HCNONbL30BAHEI TAK:Ke AUETHICHIIN MexH,
0COGCHHO NPH B3aHMOACACTBHU ¢ HOAYINeBOAOPOAaMH. Honapenn! BeTy-
NalT B PEeaKUMIO apHAHPOBAaHHS AJKUHOB TOJNBKO C AUCTHAGHILIAMH
menu. Ipucyrersue conedt Pd noseosser ocywecTBuTh peaxilio Hemo-
cpeacreenno mexay RC=CH u RX.

1) TanorenupoBsatu ue. BaanvonefictBue anxnno RC =CH
C TaJoreHOM B NpPHCYTCTBHH menoynm pAaer RC=CX (ra. IX.1).

r)llpucoeprmHenue K aabAerujaM N KETOHAM.
AueTH/IEH B MOHO3aMEWCHRBIE aueTu/seHE B npacytetbun KOH mnm
NaOH nprcoeauusiorea K Kap6oHUIbHOR IPYIINe KeToHOB ¢ o6pasosa-
HiteM aueTrenoBslX cnnptop (A. E. daBopckuil). B stoit peaxkuuu aue-
THICHHA-HOH ASHCTBYET KaK CHMIAbHBIR BYKNCOQHAbHBIA peareuT:

o3 -
R—C=C—-H+KOH>R—C=C:-K* +H,0

HiC. .CH, CH,q
RC=C:-K* + ff“ — RCe=C—tC CHy—
0%- b-k+
CH,
-— RCEC—-&—-CH;;
dn
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T

HauGonee CIAPOKO HCNOAB3YETCA PeaKiHa aleTHACHA ¢ dopmanb-
JETHLOM B BOAHOM PACTBOpPE B NIPHCYTCTBHR ALETHIECHHAA MEH NIOA AaR-
nenvem (B. Penne): <

Hyeoo

H Kar. H/ a

HC=CH 4- >C=o—~Hc-_-c—CH,0H o=
H NpPOMapruoByHfl CNHPT )

—+ HOCHy —C = C—CH;0H
6yTHH-2-Ms101-1,4

1) OKHECKEHHe. AleTAIeHUA-HOH CNocobeH K okHcneHnwo (or-
Jaue 3JIEKTPOHA) ¢ 06pa3oBaHHEM CBOGOLAHOMNO AITKHHHIBHOIG pajHkana.
Mpu AumepH3aNUU NOMYHAIOTCA JuUuHbL:

Q R=C=C-
R—C=Ci~M# o R—Ce=C. ———>R—C=C—~Ca=C—R

[NpakTHYyecKH peakuust OCYLIECTBAsAETCA KHCAOPOAOM BO3AyXa B
npucytcreii coiteft Cu (). PaccmorpenHas Bhillic peakuks MONy4EHHA
KapGHHA U3 ALETHJIEHA MPHHAICKHT K ITOMY XK€ THIY OKHCIHTE/IblON
JAMMEPHU3aLHH.

5. BA)XHEHMIIKE TIPEACTABUTEJIH

Anern/ien siBaAsercs OecHBETHHIM, JEerko cKAMaembiM rasoM. CnaGo
pacrsopuym B Boge (1,15: 1), B cm?'re (6 : 1), yMepeHHO — B auerone
{25 : 1) u gumerundopmamue (33,5 : 1). OcoGeHHO XOpOILO alUeTHARH
pacTBOPHM B ALETOHE NOA AABJIEHHEM. JT0 HCMOALIYIOT LIS XpaHeHNs
¥ TPaHCOPTHPOBKH amerujera B GaloHax. DainoHW HanonHeHbl
NOPUCTOH MaccoR M alETOHOM, B KOTOPOM ALCTHJICH pacTBOpsercs Moj
xaBJennem 1,5. . .2,5 MIa (15. . .25 at™). CKuxeHHBIN aneThIeH Ges
pasbasurens KpailHe OMaceR — MOXET B30PBaTeCA ¢ GOJIBIUOH CHAOMN,

[ns noaydeHus aueTHaeHa HCNOMb3YIQT ABAa Meroja. Peaxyus Kap-
6una KalbIuA ¢ BOJOH NPHUMEHAETCA HE TOALKC B JaGopaTopHsax, HO U
ISt NOYYeHHsA aLeTHeHa B 6ObIINX KOMHYECTBAX AAA CBAPKH M HYXKI
XUMHHECKOR NpOMBILLIEHHOCTA. Jas KPYNHROTOHHAXHOrO NPOH3BOACTRA
HCMONB3YIOT TEPMOOKACAHTE/LEBIA KPEKHHP M ICKTPOKPEKHHI Mera-
Ha. B s/1eXTPOKPEeKHHTE METaH NPONYyCKAIOT Yepead MeKTPUYECKYIO AYTY
MeXAY MeTANIHYECKHMH 3/1eKTPofiaMH ¢ GOubllof cKOpocThio (OKOI0
1000 m/c), npu Temmeparype 1500...1600°C. Brixoasiuue raswel GLICTPO
oxnamaawT 1o 150...200°C BnpricKuBaHWeM BOAH. I'ashl cozepxkar no
obbeMy 13% auermnena B 45% Bogopoxa, OCTANbHOE COCTABJSET He-
npopearupoBaBlluii METaH.

TepMOOKHCANTEIBHE KPEKHHT OCHOBAH HA TEPMHUYECKOM pasfioxe-
HAM METaHa B PeaysbTare BO3JCHCTBHA TEIIOTH, BHACASIOLIEHCS NP
CropaHHH MeTaHa B NIPHCYTCTBHH HEAOCTATOYHOrO KOJHYECTBA KHCJOPO-
Ja: :
6CH, 440, — H —C=C—H-+ 8H;+ 300+ C0; - 8H,0
Temnepatypa rasop B neun okoao 1500°C. Buxoxsaupie rasn Takke
MOABEPraloTcA ORICTPOMY OXMawieHuio. I'ashl cofepiar mo ofneMy
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Puc, 65, [IpuMerenue anerhjexa

8% auetinena, 54,5% momopoga, 26% CO, HeSonpioe KOnwYecTBO
CO, n merana.

AUCTHNICH H3 TF430EOH CMECH BEIACJSICTCH 9ACTBOPCHHEM B LHMRTHI-
¢opmamiize nog, Aasaernem 0,8...1 MIla (8...10 atM).

AUeTieH NPpOH3BONHTCS B GOABIUAX KOAHYECTBAX, €10 NOJOBOe Npo-
H3BOJICTBO B MHpe Npesbimaer 5 MAH. T. JINs NPOMLIIIIEHHOrO OPraHu-
YeCKOro CHHTE3a HCNoAb3yioT okoso 70%, oroslo 30% aueranesa pac-
XOAYeTCH AT CBapEIl H pe3aulls MeTa 108 (TeMnepatypa aueTaen-Kuc-
Jopoadoro naanesn oxono 3150°C). Henonp3opaie aueTHaera fnoka-

satlo na prc., 65.

TaeaV

IIMKJOAJIKAHDI,
UHKJOAJKEHDI ¥ UHKJIOANIKAAMEHE]

YraeponHpie aroMLbl B YIJIEBOIOPOAAX MOTYT PACHONAraThesi HE TONBKO
B NpsSMO¥ WAH Pa3BETBICHHON LENH, HO M 00pa3oBbiBaTh LUK Canmbi-
MH TIPOCTHIMHE IIKJNYECKUMH YI/1eBONOPOIAMH SBARIOTCA YUKAOAAKANE
C ONHHM UHKJOM, KOTOpbie 06Da30BaHEl OT alXaHOB OTHNTHEM ABYX BO-
JOPOIHHIX aTOMOB M 3aMEKanHeM nuxJaa. Obwas dopmyna AAs MOHO-
IMKAMYECKHX UNKJIOAJKAHOB Takas JKe, Kak mis ankedop — C,H,,.
Ho u3BecTHH TaK:Ke LAKI0AMKaHB, COREpIKallne B MONEKy/Ae ABd, TPH,
yethipe H OoJblie MUKJAOBR, COSAHHEHHBIX MeXAY cO60it pasiuIHLIMH
cnocofamu, [uKAE Moryr mMere ofud, ABa, TPH WiIu Goablle ofuux
yriepoaHelX aromoB. B pesysntare ofwee yucaO DROJOPOKHLIX aTOMOB
YMeHbINaeTcss, W ofmas ¢GopMysa MHOTOUVKJIHYECKHX LHKAOANKAHOB
mergercs or G H,,., 20 C,H,. H3pecThbl Tarxke UHKIHYECKHE yI/e-
Bojopoan! ¢ OAHON, IBYMst, TpeMs H Gojee NBOHHEIMH CBA3SMH B
OHK/Ae, KOTOpEIE HA3HIBAIOTCHA WUKJIOANKEHAMN, LHKACANKAAUSHAMI,
IOUKJIOANKATPHEHAMH H T. A. :

KJIACCHOUKALIMA, U3OMEPHA HI HOMEHK/IATYPA

IukacanKauel NOAPASIENAIOTCS B 3aBHCHMOCTH OT BEJHYHWHl LHKIA,
YHCTd UHKJOB H cnocofa COeRNHEHHS LHKAOB.

Ha3paHna MOHOWUKIHYECKUX LHKIOATKAHOB OGPasy:OT OT HAa3Ba-
HHfl aJKalHOB ¢ HCNONB30BABHEM Npedurca yukrr0-:

H H - HH H H
RR 1 /' N\ %
c H—C —C-H H=C—C—H H, -~ A
I\ | Lo e owd T
H~C—C—H  H—C—-(C— / \ Hse cH
n/ ™ A \cf H B’ SNe” \gy
. H H Jj/ “H i }{ }]

AN O O

IHICIOnpOnaK TRKTOSS vas LHKIOne KAl AntRGTERCAN




ITuk1onponan H WuK/106YTaH HHOTAA HA3LIBAOT WIIKIOAIKANAMI C
MaaBMH LHHK1aMH . LIHCJ'IO yr.nepommx ATOMCB B LIAKJIC HE orpammmaefr-
cqa mecrblo. LuKnoanKaHe ¢ GOMBLIIAM HHCAOM YFJISpOAHBLIX aTOMOB B
nukae (6onee 14) HasmBadTes Marpoyurauseckusu. Haanaue ABOARBIX
CBH3CH B IIIKJIE 0003HAYAIOT TAKHM XKe cnocofom, KaK B Cyyyae alKeHoB
H anrKagueHoB.

N3 moHOHHUKAHYECKHMX LMKJI0AMKaHOB o0pasyloT saMemeHHble LHK-
JI0ATKAHEI;

4 1 CH:I 5

A, O [ e
CH; H,c/3 3 2\C.H;
WETHAKKAOOPCNSR ATHRUHKIONCHTAH 1,3-xemeior~ 1-meThxn-, -
NHEROGYTaR LRKNOOLUTH

-

Ecan B MOJeKyae DMKAOANKaHA ABa WIH ojee 3amecTHTedeH, Ha-
3EIBAs COSAHEHHE, YIIepOAHbEe aTOMBl HYMEpPYIOT.

Jna panzaMemeHneIx IWIAaHAPHKIX DHKJA0AJKAHOB BOSMOKHO PasIHY-
HOE MpPOCTPAHCTBEHHOE PACTIONIOKEHME 3THX 3aMecThreNedt. 3amecru-
TEAH MOTYT PacmoaarathCsl o OZHOH CTOpPOHE MIOCKOCTH IMKaa (guc-
H30Mep) H Ha NPOTHBONOAOKNLIX CTOPOHAX (MpaHC-H30MEP), HANPHMEp:

CH;, CH3 CHa
~ ' ~ CH;

HRC~ IAMETRIRKIONPONAH TPAKC - ARMC TRNHWKAITPONAR

1luk/10anKanK ¢ ABYMS OGUMMII NHK/AAMH HA3KBAIOTCA Ouytiiuiec-
Kuxu. Ecnn jBa LMK NMEIOT OAMH OOWMA YIrJAepoiHulfi aTOM, TaKHe
COCIAHHEHIIA COCTABJAAIOT KAACC CRUPOAAKAHROE!

P ¢ ) 1 7
- 8
3 2 4 3 2 3 4 35
cumpo [ 2.2] perrran cmpo[2.4]renraa crmpo[3.4] oxzam

Haspanwe cnnpoankana oOpasyloT U3 HA3BAHHA COOTBETCTBYIOILETO
anKaga M nuQpaMK B KBaJPaTHBIX CKOGKAX YKA3EIBAIOT, CKOJIBKO Yrje-
POAHEIX aTOMOB HAXOAWTCA MO KaxAYIO CTOPORY OT 06mero (y3aoBoro)
yraepoaHoro atoma. I[HKJAKE B MOJIEKyJ/le CIHPOANKaHa pasMelleHsl Bo
B3aHMHO NepIeHARKYASPHBIX IAOCKOCTAX, KakK 5TO Npeaonpeaender
sp*-ra6pPHAN3auMs  Y3.I0BOrO YLJIepogHoroe atoma. Hymepauwmio cmupo-
aJKaHOB HAYMHAIOT BCErAa ¢ MEHEBIUEro LHKJI2, a Y3IOBOA aToM RyMe-
PYIOT MOCASTHHM. :

Ecan nsa nuknia uMeoT ABa MAH Goabitte OOIMUX YIVIEPOIHRIX ATO-
MOB, TaKHE COEAHHEeHHS Has3HIBAOTCA Ouyuxasoarkanamy. Wuvoraa nx
Ha35IBAIOT MOCMUKOBLIMY Yeses000podamu, TAK KaK ABa YIIePOJHEIX aTO-
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Ma OfHOTO LIHK/A KaK Ol 06pa3yioT MOCTHK:

2 2
6t Al 3
7
? [] 5 4
s\t
Gomuna[2.2.0]rexcan Enno(3.3.0[oxrau Sinurxof2.2.1]renran

B naapanue GuLlKACANKaHA B KBAAPATHHX CKOOKAX BRJIOYAIOT TPH
mudpe, 03HaYaloOLKe YHCAO0 YIASPORHHX aTOMOB B LENAX, KOTOPhE KaK
6nt TpeMst MOCTHKaMHE COSAHHAIOT Y3JIOBHEE YriaepoaHse atoMul. s naa-
BaHHsl 3aMEIEHHEIX YIVICPOIHLIE aTOMB HYMEPYKTCH, HaulHasd ¢ y3-
N0BOrO yraepofgHoro atoMa. CHayana Hymepyercsl TJIaBHEI LKA Ornu-
K710aaKkaHa (C HanGoABLIHM YHCIOM YIePOAHLIX 4TOMOB), a MOTOM MoO-
CTHKOBHIE YyIraepofnne atomel. Hymepauus mjer or 0aHoro ys.aoBoro
YIVIEPOAHOrO aTOMa KO BTOPOMY Y3JOBOMY aToMy no Hamfoviee AJHH-
ROMY NYTH, HanpuMep:

6
3-merwxbaupxso[3.2.1) oxran 3 CiL

Bo3MOMKHEl HHX.TOAIKANE C TPEMst B 6oJee UNKAAMR (TPHUNKAO0-, TETPAUNK-
J10-), KOTOpHIE HMElOT ABa K Coaee MOCTHKOB, HX IOMCUKIATYpA ASTETCA CAOIK-
Hotl, UncantenpHoe TpH-, TE€TpaA- HIB R#eHTa-~ onpe}le.lme'rcn YHCIOM CBA3EH, KOTO-
PHIE HY/KHO Paz0PBaTh, YTOOH UHKIOANKAH MPCBPAMmANCH B COSAUNRIHHE C OTKDH-
Tolt 1ENBI0 (B CXEMax STH CBA3IY OTMENEHH 3JHAKOM ~), BaNpHMep:

TPRORKTORORAH

Yro6H MPaBUJIbHO COCTABHTD HWa3BanWe, HeQOXOAMMO BHIGPATH TIIaBHBIA
HHRA B TIaBREA MOCTHK (¢ HanGONBLHM YHCIOM VIJIepORHKX aToMoB}. B Ha3sa-
HUH B CKOOKaX CHavasa yKasnBaloT TPU UHGPH, OTHOCAUINECH K GUIHKAY, KOTO-
phill 00pa3oraH rJIARHHM IAKJIOM H TAAaBHLIM MOCTHKOM. Ciegyfouie nHOpE OT-
BOCATCA K YHCAY YIMIepOR®EIX 3TOMOB B APYTHX MOCTHKAX. 3eCh HHOTAZ ReolX0-
JAMO YXa3aTh, KaKHE HMCHHO YI/IePOANBIE ATOMM COeHHEeHH XPYTAMH MOCTHKAMH,
MosTomy PEIGpaHHLIT GAUAKA HYMEPYIOT IO H3BECTHOMY TMPaBH.IY, 2 HOMEPA Coe-
AHHEHHBIX MOCTHKAMH YIJIEPOAHBIX ATOMOB MHMYT ¥ UAGpPH, YkajmBatomell yne1o
¥YIAepojZHLIX aTOMOB B MOCTHKE:

TeMmrse[4.2.1.0%) sansr oo} 3.3.1,1%] aexan,
ATAMIHTAN

B yraesofopoje aaaMantame rJIaBHbHfi MAK BOCBMHMYJACHHEIY, & Ne IMectH-
YIeHHHIN,

8 X517 61



OvueHb cBOROSpa3HEl HHKIHYecKHe yraesoRopoiu C H,, apoctpancer-
BEHHOE CTPOEHHE MOMEKYN KOTOPHX COOTBETCTBYET PasnHuYHBIM MHO-
rorpanHukam (tetpasfipy, Ky6y u Ap.). OHH HaSHBAOTCA MOMUIPa-
HaMH, MHOTHE H3 HHX eile He CHHTe3upoBaHul. B KadectBe npumMepa Bh-
e TpUBEAeHA CTPYKTYpa NeHTaumkagokTaHa (KyGana, CoHg).

L ]
A. QUKJOTPOIIAHBI H KX KJOIPONEHBI

Metoan nonysenus, Iluknonponannl monyuaior B3aHMOREIICTBHEM
1,3-puranoredankanos’ ¢ Metanamu (Na, Mg, Zn). Oty peakuuo MOox-
HO paccMaTpuBaTh KakK BHYTPHMOJEKYJNSPHHH cHHTe3 Biopua:

CH,4 - CHa
VAN AN
R—-ICH CIJH--RI-[—Za — R—CH—CH—~R!+4-ZnBrg
Br Br~

- BropuiM ofIHM METOROM SIBJAAETCA B3aHMOIEHCTBHE KapOeHOB ¢ an-
KeHaMH HJH ankaHaMy (u@kAonprcoenuneHne). KapOeHn rexepupy-
10TCA NPAMO B PeaKUHOHHOA cpefe W3 Anasoankauos (ra. XXV. b.3)
unn ranorenankadoB (ra. VII. 4.5):

R H R H
¥ e \"/\C/R“
¢ T T VS
R/\H R \H
R

¢ JR? R\c\c R?
jg+:C\R'1 — (!/ \R"
I R

dusuveckne ceoficTea H nprupona ceazelt. Iluxnonponann 1 LUKIO-
NPONCHR ABAAOTCA GECI.IBETH!:IMH rasaMid W.aIx XUAKOCTAMHA, HEpacTBo-
puMEIMH B Bozie. Movlekyna uuKJonponaHna mpefcTaBaAseT coGoft pery-
AspHER TpeyronsuuK. Yroa HCH neofsmaiiHe Goanmofi v He co-
OTBETCTBYeT Yy TEeTPasgpHYecKoro yriepomsoro aroma (105°28°).
H H Ilpn oOpa3soBaHHY ULHKJACUPONAHOBOTO
WA LUKJIA TETPaSAPHIECKHE YIVIBI AO/KHH YMEHb-

Q mateess A6 60°, NPOHCRORHT HaNpsKeRHe
. BaneHTHBIX YrnoB. B cBoe Bpemsa A. Daiiep

0,1531¢ (1885) MMeHHO HAOPSIKEHUEM BAJEHTHHIX Yr-

H 70B o0bAcHAN GONbIYI0 PEeaKUHOHHYI0 CHo-
\'.’Tm.m' COGHOCTb UHKJIOMpONana — Mmeopus Nanps-

H H acenus badepa.

IIpnpoga cpa3eii B nuk;Ionpolane He TAK NMpocTa, KaK B Nponade
uau nponexe. [Ipu of6pazoBamun ceu3eli C—C nepekpuiBaHueM spd-
rUGPUAHLIX opGHTalell B UHKIONPONAHE BOSMONHO TOALKO JaCTHUYHGE
nepexphiBadne. Moryr ofpasoBaThest H3OTHYTHIE opGHTanH («GaHaHO-
Brle CBA3HY, pHc. 66).
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Ecau gonyctuTh, 4T0 yraepORHLIE ATOME! B UWHKNIONPONaile HAXORAT-
cst B $p2-ru6PUAHOM COCTOSIHUH, TO CBSA3H 00pasyioTca YacTHUHEIM nepe-
KpHBanueM p-opGuranefl, a B LEHTpe UHKAZ B3aHMOAeHcTBYIOT sp3-
ru6pujusie opbutanu. [lo-puanMomy, B ofpa3oBaHMH CBA3eH LHKAO-
nponasa ysSacTBYIOT aTOMapHble OpPGHTANH, HE HMEIOMIHE €UHCTOHY

Puc, 66. O6pasopanne cpasel B MOJeKyJe MHKAONpONaHA

sp®- nau spi-rubpugnzauun. O 3HaYHTEALHOM BKJAajge p-opGHTaNH B
ofpasoBaHue cBsi3eil UMKAONPONAHA CBURSTENLCTBYET CPABHHTRABHO
HU3Kasi 3Heprus HoHH3auuu (1na npomana 11,5 3B, uuknonponana —
10,5 3B, nponena — 9,7 3B}. -

TennoTts! cropaHusg UUKA0ANKAHOB CBHAETENLCTRYIOT, YTO UUKIO-

_mponad Mmeer HauGonbumii H3GLITOR sHEPrHH B pacuere Ha oxy CH.-

IPYNNy NO CPaBHEHMIO C LMEAorexcaHoM (ta6a. 15), T.e. ¢Ba3n C—C

‘B IHRJCNpONaHe HMEET MEHRBLIYIO 3Hepruio, 4€M B IARJAOIeKcane,

Ta@iuqa 15, Tenaora CrOPaAHNA HUKIOANKAHOR
£ pacdere Ha OARY MeTHIEHOBYIO rpynny

Haduvok swHeprum no

enxota cropa-
Luknaankan ;I"HRJI Kﬁ;:;“gah CPABHEHNIO ¢ LHKIO-
' rexcanoM, KJILa/moan

[luxronponan 647,1 38,5

Hukao6yran - 686 27,4 _ _ _
[[axnonentan 664 5,4 .
Hekaorexean 658,6 0

Ururaorentan 662,3 3,7

Xumuueckne ceoiictsa. B pearmugx nukaonponatbl HPOABIMOT
JBOFICTBEHNYIO NPHPOAY T. €. peardpyloT Kax ajKaHel — ¢ 3aMele-
HHEM aToMa BOAOPOJAa M KaK alKeHHl — ¢ NPHCOSNHHEHHEM (PacKpbl-
THEM TPEeXUNEHHOro LHKNa):

CH
R Cl, 2
‘ - PN 4 HCl
/C\Hs w. pr CHa—CH=Cl
&N e CHaCHACHy
CHa—CH, | BUR & ey cH,CH,Br

s bry; £ BrCH,CH,CH,Br
é* | *




Hanpaeaenye peakiuiu onpeienserca Kak NPHPOAOH peareuta, Tak H
TEMNEPATYPOH.

Llugaonponensl — BechMa HecTaGUAbHLIE COSAHHEHHS, JerkKo NoJil-
mepusytoresi. Mx crabuashocTs Bo3pactaer npH BBeAeHUHN 3aMEeCTETeReH]
KO BCEM TPeM YIJICPOSHEIM aToMaM.

CBoe0o6pasHEIM CBOHCTBOM LBKJIONPONEHOB fABAfETCA oOpazoBatHe
¢TaBUAH3HPOBAHHOTO KapOOKaTHOHA — KaTHOHA LHKJAOMPONCHI IUA:

R‘-..,s" R"'-. R
c C,
}:?\“ C—R  wm I:'_\-;_?"‘C-R
C - /c/ X—
R85, X R

Katnon muknonponesuans ABASCTCH camolt npocTofl HUKAHYeCKOM
conpsaceHnolt cucremolt (cM. ra. VI. T') u or Gonee crabuien, yem ero
aHaJ10r ¢ OTKPHITOR Uenbio — aanua-katvon CH,=CH-—CH}.

Baxueiimye npeacrasutend. I{uxaionponat sBasercs GecUBETHLIM
rasom ¢ T. Kun.— 34,5° C. Ionyuator ero u3 1,3-gudpomuponana. On
PHMEHACTCA B MEJAHUMHAE B KayecTBe HADKOTHYECKOTO BeIlieCTBa Aas
olleit aHecTe3Hy.

B. UUKJOBYTAHDI, KAKJOBYTEHbI H UHKJIOBYTAANEH

Meroant nonyuenns. L{ukno6yTaHOBEIM LUEKA MOXET GHTR NOCTPOEH
13 COSAHHEHUH C OTKPHITOH LENbK HECKONBKUMH crocofamu. MssectHa
imkan3auua 1,4-aurajoresankanos K 1,4-garanoreHankeHoB, WHK/I0-
JHMEpH3AUHA 3aMEIMEHHBIX aJKEeHOB:

CH.,—CH, ’ CH,—CH,
/ AN ‘l: |
R--CH CH—Rl+4Zo — CH—CH +ZnBr,

A S
. )
R. R* R R} ? ?
(";f N \ﬁ/ .f_‘; R_(I: _(I:_Rn
C . R —C~C—R?
R SR¥ R/ RM {1
R! R

Ilokonpucoeaunenue [21-2] ABYX Mosekys ankeHa TNpPOUCXORUT
TOIRKO TIPH OCBCIOEHHU ynbrpaqmonemabm CBETOM, IIpH HarpeBaHHlI
pearums He uaer. B peakuuio BeTynaer MoAeKy/ia akeHa B BO3GYKAeH-
Hoy cocrostiiug (oM. ra. V. T). Bo MBOrMX cayuasx 3ty peakiuio pac-
CMATPHBAIOT XKaK mepuuukandeckyw (cv. Beea. 7.2). Hampumep, ns
yuc-6ytena-2 ofpasytoTca Asa HsomeprbiX 1,2,3,4-TeTpaMeTHAlHKIO-
GyTana, TaK KaK ABE MO.JEKyAH OyTeHA B LHMKJIONPHCOSAHHEHHH MOry?
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NPHHUMATE IBA PA3NHIHBIX NOJAOKEHHI:

HC CHs CHy CH; «
AN Vd N g
hy
H,C CHy CH; CH; .
. CHj CH;,
P4 \ hy
HC CHjy -_—

HC CH,3 CH; CH,

Puanueckre cpoitctea. Crpoenme. Ipocrefiupe UHKAOSYTaHH HB-
ASIOTCH GecUBETHEIMH [A33MH MAM SKHWIKOCTAMH, HEPAcTBOPHMEIMH B
Bofle. MoneKkyna uMKAOGyTaHa NoZoGHA KBajApaTy C BEChbMa AAHMHHORM
casasnio C—C (0,157 um). Camoli Gonbinofi 0COGEHHOCTHIO UAKAOGYTAHOB
SIBJIAETCA TO, 9TO GeThipe YIVICPOAHHX aTOMa HE HaXOmATCA B OJHOMH
TUIOCKOCTH. 3Ta HeNJA aH ap HoOCThb Bh3BaHA BHYTPHMOAEKYASp-
HbIM OTTaNKHBAHHEM BOJOPOAHEIX aTOMOB HJIH 3aMECTUTeNeH ¥ CUABHO
34BHCHT OT cTPoeHHs. OfUH YraepoARblit aTOM MOKET ObITh CMEUIeH A3
MNOCKOCTH OCTaNbHBIX TPEX aToMOB faxe A0 25. . .30°. 3o osyHayaer,
4T0 MOHO3aMEIEHRHe NUKAO6YTaHbi MOTYT CYIUIECTBOBATH B ABYX KOH-
dopManuax:

=

Kak pokasano merogom IIMP, mexny KondopyalHaMi OCYLIeCTBAR-
eTcA GLICTpOE paBHOBECHE, KOTOPOS YAAETCS «3aMOPO3UTh? TOABKO NpII
HH3KUX TeMuepaTypax.

BaneuTHele YraH B HMKAOGYyTaHe HanpsiKeHK MeHbMIE, YyeMm B ILIK-
JonponaHe, BOSMOXKHO GONblee NEpeKphIBAHHE ATOMHHX opGnTanef,
NOITOMY U CTAGHABHOCTH YBeAHuHBaercs (¢M. Taba. 15).

Xumuyeckue ceoificTea. Lluknao6yTan u ero sameineHHsie BO MHOTOM
Nojo6HE ankaHaM. HanGoaee xapaxtepHbl L1 HUX peaKUun samelmle-
aka. TeM He MeHeE M3BECTHB! TaKXKe PeakiMH PacKpHTHA LHKNOGyTa-
HOBOTC LUKJ2, Hanpumep NpPU KATAAHTHYECKOM THAPHPOBAHHM:

¢l v CH3—CH—Cl -na CH.—CH

CHy—CHy | | | - ! I
é —la,: xar. CH,;—~CH; CHy—CH
He—CHs 1228 cH,CH,CH,CH,

CBoeoGpasubl CBOACTBA LMKAOGYTajueHa. 10 BEWECTBO ABJIAETCA
QUeHb peaxuuounocnocoﬁnum R ero HeJb3s NOJaY4YNTb B YHCTOM BHAE.
B peaknuax, rae oxujzaerca obpasoBanue LWHKA0GYyTalkena, BeiaeIeNbl
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TONLKO MPOAYKTH €ro AajbHefimmx npespaiiesufi, HAMPHMEDP ABMED:
Br Br

-2HBe || I
——

Baxneiimne npepcrasutend. [luxasobyman npeactapaser coGof
Gecupernsifi ras ¢ T. Kuf. 12,5°C. Ero Boaygator u3 [,4-1n0poméyTana.
[Ipumensferca B OPraHHYECKOM CHHTE3e.

] ! 2 3

|

7 6 E 4
Tptarko {4.2,0.095] oxzammen -3,%7

——
.

B. KAKJONEHTAHBI,
IUHKJONEHTEHR H UHKJONEHTAZMEH

MeTtoa noaydennst. [{uKITONCHTaH H €ro rOMOJOLH BXOAST B COCTaB
HekoTOpHIX Hedreit (Hadrentt). CUATETHUECKN UHKJIONEHTAH MOMYYaAlOT
BOCCTAHOB/EHUEM €ro KHCAOPOACOREPXKAHUX NPOH3BOAHBIX HJIH THA-
pHpPOBaHHEM HEHACBUIEHHBIX NPOH3BOIHEIX:

I"—// © Zn/H+
)

UARAOTCHTAHOH —

H,/Ni
Y,

NEKJACNEHTIRHEH

[uxnoneHTazued noayqaioT M3 NPOAYKTOB NepepaboTKH KaMeHHOro
yIJis MIH TPORYKTOB MHPOAH3A He(rTH.

ITuga0ONeHTAHOBLIA LKA 3aMLIKAE€TCA B HEKOTOPEIX PEaKLHAX KOH-
neRcamus quKapBouosuix Kucaor (1. XXXI1.A3urn. XXXIII. B.3}).

dusnyeckue csoficTBa W NpocTPAHCTBEHHOE cTpoeHre. LlugnoneH-
TaHB H ero HEeHACHILIEHHBIC TPOH3BONANE ABAAIOTCA GECUBETHEIMH MKHi-
KOCTAMU €O CBOSOGPA3HEIM 3anaxoM, B BOJE HE PacTBOPSIOTCA.

Monekyna UHKAONEHTaHA oOpasyeT NPABHALHLIA NATHYTONBHHUK,
BHyTpeHHME yron Koroporo {108°) 6AH30K K TETPasfApHYECKOMY Y.
OfEako MOJEKyJa LYK/AONEHTaHa H €ro NPOH3BOAHLIX HEMTaHapHa.
BrarogapA cHiaM OTTaIKHBaHHs MEXNY aTOMaMH BOAOPOXA &Ba aTo-
Ma yraepola BHXOAST U3 TVIOCKOCTH LHMK1A. OTAesbHEIR YLICpPORHHE
ATOMEI UKJONEHTAHA HE 3aHUMAIOT XKECTKO 3aKPelIEHHOTO NMOJICKEH U,
KOJIBLIO KaK OE HAXOZHTCA B HOCTOSTHHOM BOJHOOGPa3HOM ABHXKSHHM —
ncesdospatyenue:

R

@ = <>
R
Xumuveckue cpodicTra. JLius UHKAONCHTAHA XAPAKTEPHH! BCE peak-

LUHH aJKaHOB, a AJd LHKJIONCHTCHA — ATKCHOB. ].I,mmouema;meu ‘AB-
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JAECTCA aKTHENBIM JHeHoM-1,3, NErko BCTYNaer B PeakuHH NHEHOBOFO
CHHTE34, B TOM YHCJ/IE B PEAKLIMIO AHMEPHIALINY

PHIRKIORCAT2XME

Huuwuknonentaguern sBAgetTcs: oOWMHOR npoAaxHoA ¢opMoil, M3
KOTOPOA LMKJONCHTANNEH DereHepupyioT HarpeBaunem mnpu 200—
250°C. JTunukaonenTanueH ABNSIETC HeHACKILENHLIM TPHIHKIHIECKHM
MOCTHKOBLIM YTJIEBOAOPOJIOM, CyNECTBYIOWMM B (OpMax ABYX MPOCT-
faﬂcmenaux M30MepOoB (3K30- H SEJO-), H €ro Ha3BaHHE TPHIHKIO-
5.2.1.0%¢] nexapmen-3,8.

OcofbIM CBOHCTBOM IUKIONEHTAAHEHA SBAAECTCS €rc MOBRIEHHAS
CH-gucnorhoers. Konecranta kuciorsocti Ko2510-1¢ (pK,~15) He-
O6HYHO Gonbilag AAA YIAeBoAOPORoB. [I03TOMY ¢ KOHUEHTPHPOBAHHEIMIL
MIE/IOYaMH M ANKOKCHAAMH OH 00pasyeT COMK —, UMKIONCHTALHECHHABL:

H\c_nc/]{ H\C_C/H

/N, +nerz= JN, 4+ mor
~ ~ ) ol 7 “H
H \c/ H , \(\c/

w u X Na*

LuKIONeHTaAHEHNA-HOH  ABNSICTCS  CONPSIKENANM  KapOGaHHO-
HOM, €ro OTHOCUTeNbHAA CTAOMABHOCTh OOBICHACTCH HMHKJIHYECKON
jeqokanusanvei m-anexkTpoHoB (ra. VI. IN). Lluraonenramwennsn
ABASIOTCA CHAbHHEIMH HYKA€ODHUABHBIMH PEArcHTaMil, JETKO OKHCIH-
1oTca. Ouenb CBOROOPASHH LHKJIOMEHTAZHEHHAM TNEPEXOIHBIX MEeTa-
JIOB — TAK HAasHIBaeMble MemaAtoyerbt, UNIH CanOgUueaste Coedunerna
(ra. X. O. 2).

Bakneiume npencrasurenu. L{uxaonesman — GecupeTHas XA
KOCTb ¢ T. KiML. 49,5 °C. Moxer 6uTh NoAydeH H3 NPORYKTOB nepepaboTKu

. Hedrru. B naGoparopuH ero noayvyaloT rHAPUPOBAHHEM LHKTONEATAAHE-

Na. Hcnonpayior B OpraHuveckoM CHHTE3E.

Huxaonennmen — GecuBeTHAR MUIKOCTD ¢ T. KAM. 44,2° C. Tloayvator
Jerniparanued uMKAONeHTaHona. Ero HCNone3yloT B OpramEIMecKoM
CHHTE3e ANt NONYYEHUA NPOH3BOAHLIX HKJIONeHTAHE .

Luknonenmaduen — GecuBeTHas KAKKOCTL €O CBOCOGPA3HLIM 3ana-
xoM; T. kun. 41 °C. Tlonyyaor H8 AumMKXIONEHTa ueHa, XKOTOpLIl cO-
AEPXKHTCA B IPOAYKTaX nepepabOTKH KaMeHHOro yras u Hedri. Ilu-
KNOMeHTaAHeH HUCMOJB3YIOT B OPTAaHMYECKOM CHHTE3e AAA NOJTYYeHHA

. NHCEKTHIMAOE, $eppolena H APYriuX MeTANIOLEHOB.

CHcrema 1[UKJIOeNTEHa BXOIHT B MOVIEKYAB BaKBEIX GHOJIOTHYECKH
AKTHBHBIX COEAUHEHHE — npocmaerandunos (1. XX XIV.A.3).
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AHBI,
ﬁu Eﬁgﬂg l:‘gEK!f bl U UK KJNOTEKCANHEH bi

pud. Lukaorekcan u ero roMonory . HaI0T U3 npo-
B mOJYy4e Y
Me'rcu:3 nepepaGOTKH HePTH (Hadrenw), Cunrernuecy), OMH MOTYT Ghito
LYKTO Kara/MTHIECKUM THADUPOBAHHeM Gen3on, ¥ ero roMonoros
no;tyggg(;‘;a“omeunem LHK/IOTeKCaHOHOR;
HAH

R R
() 2 () 2 ()

bl€ NPOH3BOAHEIE LUKAOTEKcana MONyyaior O6BITHEmMY
eHachILLeHH
Mergn amy CHHTe3a a1KEHOB H ankafiuenos. Ocot51>m.cny.,aeM ABJSETCS

eHne MPOH3BORHBIX GeHzosa HaTpuem B KUAKOM aMMHake B
:gf!ga"oﬂn cunpra (A. Bepu, 1944) ¢ oGpasoBatie, 1,4-utiKnorexca.

AHeHOoB: X
/
R Na ﬁ
l NH, (%) CaH\OH &
N

Ocofoe MecTO B TNOIYYeHHH NPOH3BONHMX HHROrekoama sanayaior

: H cuHTe3 1 sy
eCcKHEe PCAKluK: JTHEHOBH SKTpounKanueck e
Heg;‘&g:”:;oﬂaﬂonﬂmx reKcaTpuena-1,3,5, P
pe :

it CHHTE3 — LNKAONPHCORANHeHHE [2+4]_ aceMoTpen
o cﬂnf;gnbé OT/IHIHE OT LHKJIONPHCOCANREHMHS [24.9) mayl; MOn etfy.n

arkena AneHOBbLY CHHTES HACT JIeTKO NPH KOMHATHOR Temneparype way
HefoabiuoyM Harp€BaHHH:

R? | R? R’\/R\ R?
-0
\]£l R ﬁl

nple FeKcatpuesa-1,3,5 npu narpenanm,, a Takxe mpy
mml'fggfsgoﬁﬂmusymca B NPOM3BOAKHLIE uumorexfcameﬂa_l’& P

CHs » -
G' . el .
™ cu, 5 3
- 5,6-feevecnpInsoTeK cagmen-
okTaTpRH-2,4,6 we

Kax npaBuao, 0OPH TepMHYeCKoH umkanzamuu NOnyyatores yuc-
xn3aveileyHble HKIOTEKCaNeHs, a npyu qaoroxnmnqem\.qﬁ — mpasc-
znsaveuiennsle. J10 caaaal:g acoI CBOHCTBaMK Monexyﬂapwx op6uTa-
J'Ieﬁ, leaCTBYIOm“x B LHKI IHE,
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B nporecce 03pasosanua G-cegan MEAAY KOHUCBLIME YrACPORULIMI aToMa-
MB compsixennodt uepy HeoOXO0AHY MOBAPOT OKANO cufAzel C=C, urolu P-opGriTa-
N1 MOLIH NeperpuBpatses CBOHMH O HAKOBLIAMA 0P 3NAKY TacTamu:

) CH, . CH, CH,
CH, .

Ba. APCROTATOPHOC Bpdiieione

MG
‘CHJ X .
_:' — HiC ——r <\\ HiC )l
CH, CH;
CH,

HIMO XOHpOTaTOPHOE Bpaeine

Tlpn repsuueckok UHKIH3aLAR paccMaTpunaeres BIMO CONPAKEUILOit Cit~
CTCME TeKcatpitena, a npH Goroxnmuyeckolt — HCMO (8 BO3GYKACHROM COCTON-
HHEY MOtexyam oxuy SACKTPOR noMewaercs na HCMO). BBM(% u HCMO ot1nya-
KTCs pacnodomennen TOTONUTENLHIX H OTPHLATEIBHEIX Yactell aTOMHbLX p-op-
Guraen {oTanvasorca opluransaqit Climderpues). Yrobu epeRpbIBaAMCL moau
P-opbutaneit ¢ oaMxaxonp 3YaKamd, HanpaBacyhe 110BOPOT NoO cBA3AM g9

O u ana HCMO Pasanuuoe. Naa B3MO sto MOBOPOT B :IPOTHBOROCAOAK KR
CTOPOHBI (nacpora'ropuo). a 1as HCMO B oany CTOPORY (KOHPOTaTOPHO),

GhACHenHe xoqa SNEKTPOURKAHYECKHX peakqufl Ranu P. Byreops u P, Xodp-
Mau (1965). Ochobnas RlUen 32KaK0yaercs B TOM, NTO Jlerye ocyigecTeAseTcs TOT
MexaHusu, B mpoyecce KOTOPOTO AOCTHraeTcs MaxcaMaapmoe epexpugarne op-
Gutanedt (Makcnumaabuoe CBAINBAKNE), 310 noayuaercs Tossko » TOM Cayqae,
CCAH COBMAKAKT 3Maky yacTett NEPEKpHBaOWHXCA OpSuTane, Ipasnrao Byz- .
Bopaa — Xodsana TJIaCHT, 9T0 B cOrNtacoBaunpix {meprunKAKYecKuX) peakuMax
COXpansercs opSurannrag CHMMeTpAA. Ecna nocturacres MaKCHMadbHOE Tiepe-
KDBiBanne opCGutaneit, PeakUnA uMeeT HAaRyK0 SHEPIHIO aKTHBALMN W OHa spas-
bewexa no CHMMETPUMA. B mpOTHBOMONOXHOM Clyuae peaxunst «2anpewtena mo
CHMMETpHES,

Tak, B CAyuae TepMyyeckoi UHRARIZUHG OKTaTpiena-2,4,6 NpR gucporarop-
HOM Bpamenmu npoyece UHKTH3AUME HMEeT ItH3RYIo SHEPTUI0 aKTABAUHH W Pa3-
Petren no CHMMeETDHH, ,

Ipeacrasnenng o COXpanenyuu opburansuol CHMMCTDHH NPUMERRIOTCH TaK-
He 1T 06bacHenyy X0na peaxkuui LRKAONPACOeAHHeHYS, Hafpamep oGpasopa-
HUA CHCTEMH MHKAOSYTaHa H3 JBYX Monekyn stuaewa. Mponcce pacemarpugaem
XaK 83aumMoselicrsne ﬁSMO OAROH MOJIEKYAM 3THAeHA ¢ HCMO BTOpOR Mo.tex y-
AR 3TH 0p6KTATH MMetoT PANIMNHYIO CHMMETPHIO B MaKCHMAIBHOE MepekpuBanie
He noxyvaerca, peakuuy 3anpeuera no caMmerphn. B BO3CYXAECHNOM COCTOS) 1y
STHIeNa oaun S3JCKTPOR tlaXonnTes g HCMO, u ona cranosnyen B3MO, cunmer-
pbua B3ausonencTByiounx aplKTatedt omirnakopa, peakuua paspewrzna mo crn-
MeTpHu:

t . \ ”
HCMo H HCMO H ¢ !
: ]

\\ e \ ,»' * - ~—
Bamo H E3MO H J
PRAKUKA 3anpetueiy Praxmia paspeusyza

POITYXK3EHHAN MO xyAR
0 CHMMET Y . av CuvmeTim
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J#henobuit cCUNHTE3 ABAALTEA pa3pelueH LM 10 CEMMETPHH TEPMAYECKH CTH My-
AHPOBAHHLIM APOLECCOM:

HCHo H CHy==CHa o H B3MO

CH. CH
nsuow *SCH--cH? g\g—%/a HCMO
Pu3nueckue CBONICTRA M MPOCTPAHCTBEHHOE cTpoeHMe. Llpkaorex-
CaHBbl H UX HEeHAChIUEHHBIE NPOH3BONHbE ABMAKTCH OECUBETHRMH XKHA-
KOCTAAMH €O CBOSOGPa3HBIM 3aNaXOM, B BOJE He PAacTBOPAKOTCA.
Jna NnocKoro MMKAA Pery/ispHOrO ECTHYTOJbHHKA BHYTPeHHMI
’
yron pasex [20°, yro Goabwe TeTpasapuueckoro yraa (109°28°). Bo-
Jiee BHIMOAHO 06pa3oBaHyBe HEMNAHAPHON MOACKYJH, YTO BEAET K YMEeHb-
UIeHHK) BHYTPEHHHX YIJI0B H MEXATOMHOTO OTTAJIKHBAHUA PAAOM pac-

NOJIXKERHBX BOAOPOJHBIX ATOMOB.
HsRecTHO HECKOJIbKO H30THYTHX (GOPM UMKIOreKcaHa:

Konpopuanms Aapuw®

Kondopreatus xpecna” TenCT-XOHPOPHALNE

Bonee crabuanHoll ABASeTcA KoHpopMauks «kpecaas. Boamoxno
TaKXKe O6paZoBAHRE ¢HCKAKEHHOR BaHHLI?, WAH TBHUCT-KOH(OpMALWI,
Koropas Gosee ctabunbha, 4eM KoudopMauus ¢BaHHEID.

Tinknorekcad B KOHGOPMALHK «kKpecia» AMEET fBa THNA BOTOPOIHHIX
aTOMOB, KOTOpPEIE OTHYAIOTCH JAPYr OT Apyra npoCTPaHCTBEHHEIM pac-
nonoxennem: H} (akcuansroe nonoxenne) u H, (2KkBaTopHancace noso-
Kenue):

H.
7
Hs /H.
f H
Lo

H.

JIas MOHO3aMELIEHHBX IUKJIOTEKCaHOB BO3MOXKHEI 1Ba KOR(OpMepa
B opMe «kpecaay (A ele HECKONDKO B (opMe «BAHHLIN):

CH;, .
Hnpepcus: CHj-
waxsa
————

50 NCTHAUNKAOTEKCA

AXC METHALMKIOICKCAY
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B3sanmeHf nepexon akcHaNMbHHX M SKBATOPHANBHNX KOHGOpMEpOB
NPOHCXOIUT NETKO uxsepcuell yukaa.

HennanapeoimMu ABASIOTCA TaKKe MOJEKYJBl LHKAOTEKCeHa H €ro
NPON3BORKBIX:

& =

B npoH3BOAHEIX IMHUK/IOrEKCaHa TOXKE BO3MONHO aKCHANLHOE H 3K-
BATOPUANIBHOE PACIOJOKEHE 23aMecTHTe el .

Xemuueckre cBoficTa. Ilukaorexcan no CBOMM XMMHYEGCKHM CBOM-
CTBaM aHaJIOTHYER ajaKaHaMm. Ero MOXHO ra.oreHHMpoBaTh, HHTPOBATS,
OKHeaIATh. KaTanurnueckoe AerHApHPOBAHHE IHK/OreKcaHa NMPHBOAHT
K GeHzany.

Jna MKJIOreKcaHa XapaKTepHHI TAKXKe peakuHH neperpyniiupoB-
K, npuBoAsAmue K cyxeauo unkia (H. JI. 3eaunckuit):

AlCY,

V]
70=80°C ) ’
\) AN \CHg

(B 5THX Ke YCJAOBHAX METHINHKJIONEHTAH YacTHYHO MpeBpallaercs
B IHKJOTEKCaH).

Iluxnorekcen H UMKAOreKCaIeH bl JAIOT BCE XapaKTepHble peBpaiie-
HH$ aKeHOB M aJKaJACHOB. .

Baxneliuue unpeacrasuteMu. IL{uxrsozexcan apagercs  GecuBeTHON
KUAKOCTBIO €O c1abbiM 3anaxoM, T. kun. 80,7 °C. [Tonyuator ero kara-
JHTHYECKHM THAPHpOBaHHeM Oensona. Iluknorekcan wnpoko npume-
HAIOT B KaYeCTBE PACTBOPHTEAN H KAK HCXOAHOE 15l CHHTE3a MOHOMEPOB
(kanposiakTama, aXHNMHOBON KHCAOTHI).

Huknroeexcen aBanercs GecUBETHOH KUAKOCTBIO C OCTPHIM 3aNMaxoM,
T. Kun. 83 °C. [Tonyyaior gernpparauned wukaorekcanoaa. Jas muxmio-
TeKCEeHa XapaKTeplibl Bce peakuin ankenos. CBoeofpasHa peakuus Tep-
MUYECKOro KaTATHTHYECKOre micnpeonopuuonnpoBanna (H. J. 3e-
JHHCKHIA):

VANEVAN
3| JI |
N A /

LlukAOreKced HCNOIL3YIOT B OPTAHNYECKOM CHHTE3E A7 TNOAYUYCHHS
TPOH3BOAHBIX UIIKIOTEKCaHa.

Tepnenwn ABNAOTCA NPOAYKTAMH PAacTUTENbHOTO MMpa, OHH CO-
AepKarcsi B SQUPHEIX Mac/aX, KHBHUE XBORHLIX RepeBbeB, CXUMUAApPE.
B ocHoBHOM Teplensl APEACTABAAIOT COGOH MOHOUMKAHYECKHE M GHIHK-
JIMYECKHE NPOH3BOAHLIE UUKIOTEKCAHA ¢ ABOHHBIMH CBA3AMY B MOJMEKY~
ne. OCBuALE TEPEHE NPHHALNKAT K NPOAYKTAM NHMEPH3aLUR ABYX
Monexyd usonpera. IIpHpogmbie yr/€BOAODOAH, CKefeT KOTOPHYX Gf-
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PAa30BaH OIWTOMepH3auMell HeckoapkuX MOJEKY/ M3OMPEHa, HAa3hIBAIOT
usonpenoudasy. HapectHrl TepHEHH, MONEKY.Jb KOTOPHIX HOCTPOCHBI
U3 Tpex, YeTHpex, INeCTH MOhexyn u3onpeHa (CeCKBHTEPNEHHI, AHTEP-

neHkl, TPHTePNEHb):
CH, CH, CH; .
HL  CH, CH, wuc ©¢n H;i i H,

CH,
() anaenzen x-repauncH e
(+) anneuten (RUMOBEN) N v

’ CH, CHa CH,
CH,
CH
CH; & .  §

oaden & -maney
f (2,6,6-TPMeryy nfuasrno [3.1.1] renren-2)

a-TliHel #BIAETCA FI2BHOf coCTABHOH acTbl0 CKHAMZApa COCHBL
Teprensl (ocofenHo a-THHER) LIHMPOKO APHMEHSIOTCS B JaKOKPAaCOUHOH
APOMBILIEHHOCTH H B KAaYeCTRe yexo/HLIX DPOAYKTOB LIS opraHHyec-
Koro cuuteza, HeKOTOPHE Téppepw npumeHaAIoTCA B BAPiOMEPHOIl Ipo-
MBILICRHOCTH

H.C

CH,

A. HHKJOCEMTAHB H UH KJdQrenaTATPHEH

MeToast noayvennsi. LlukaOrenray prepese GHA BoizeneH U3 KaBKas-
cxoii uedrn (B. B. MapKoBHuxop). CHuTeTHuECKH €T0 HOAYHAIOT BOC~
CTaNOBJICHHEM NHKJOTEHT2HOM, ganpuMep no Metoay Kmxmepa (ra.
XXVII. B.3).

UO H,NNH, O
KOH, t°

LuknorenTaTpHen ROIYYaigy y13 Genanna APHCOSAHHEHHEM KapGena:

SNSS e

BriepBuie UUKJOTENTATPHEY [onyueH HPU XUMNIYECKON NCCTPYKIHM
AJKa/J10Ha0B.

duzHuecKHEe CBOACTBA M npoctpancTeennoe cTpoenne. Ilukaoren-
TaHB APEACTABAAIOT OO0 GecyperHme KUAKOCTH €O c1abbiM 3aBaxoM,
B BOAE Hepamopnm.

Monekyna WHKJIOTeRTaHa, gono6HO MONEKYJ/e UMKAOTEKCaHd, HMeeT
H30THYTOE CTPOCHNE, APH 3TQM BO3MOKHO 3HAYHTENLHOE YHCJIO KOH-
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dopmauuii. Huzke npusereHst yeTbipe BO3MOXHHX KolidopMepa MOHO3a-
MEIteHHOro UHKJI0TrenTaHa.:

R R
T =g =g =~
. R R
Xuxnueckue ceoiicTBa. I_lHKJIOI'EIITéH H ero roMoJIord no XHUMr4ye-
CKHM CBONCTBaM Oyenb HAMOMHHAWT ankansl. CBOeOOpasHBl peaki(iu

AePErpyRNHPOBKA B WPUCYTCTBHH KHCIBIX KaTall3aTOPOB, B KOTOPRIX
APOHCXOIAMT CYKEHHe LHKIa:

. CH, CHa
AICl )

Jns muKI0aIK4AHOB XZPAKTEPHEl PEAKUHH CYKEHHS, a BO MHOTHX
cny4asix M pacllHpeHHs UnKaa. B 6oabmuHCTBe ClyyaeB OHH APOXOAST
€ TPOMEKYTORHLIM ofpasoBalineM KapOoKaTUOHOB, KOTOPHE CHOCOGHH
K Pa3siHuYHLIM HeperpynanupoBKaM.

HuxnorentaTpyieH HABJAAETCH TUNHYHBIM HEHACHIEHHHIM COSOH-~
HEHHEM, OH J€rko APHCOSAHHACT TalOr€Hn!, OKHCIAETCH, MOMHMEpPH-
syerca. B TMpPUCYTCTBHH SACKTPOHOAKLEATOPHWX PEareHToB OH Ape-
BpallaeTca B KATHOH IMKJOTeATATPHEHUAHS (NPH OTILERJEHHM THZ-

pua-HoHA):

“.+R+x‘.-_._-,- H + R—H
H ' x-

KaTHOH LHKAOrE€ATATPHEHHAHA (TPOMHAHMA) ABAAETCH HEOOHYHO
¢TabusbHEIM Kap6OKaTHOHOM, CTaCHJIH3HPOBAHHHEM B Pe3y/IbTaTe LHK-
JuYecKoit meaoKanusauuu m-aaextponoB (ra. V1. T).

Baxnefinive npenacrasntend. [uxasoeenman'— 6GecuperHas RKull-
KOCTh €O cBOe0GpasHuM 3anaxoM, T. KHA. 119 °C, B Boge He pacTBOpS-
erca. [lomyyawoT ero mepepaGorkoii HeKoTopwiXx Hedrefi. Ucroabayror
B OPraHHYeckoM CHHTese.

Huxasozenmampuen (TPORHAUAEH) ABNAETCA GECUBETHON KUAKOCTHIO
(r. kun. 115,5 °C). Ero nonyuaior peakiuyeit 6eH30aa ¢ JUA3OMETAHOM
B APHCYTCTBHH MeIHHX coaeli. McronksyioT 1aa nonyuenus coveit Tpo-
ARANSA,

E. UHKJOOKTAHbLI H NHKJOOKTATETPAEH

Meronet nomyuenua. LIMKNOOKTAHH 0O6PasyioTes HpH KaraAHTHHeE-
CKOM THIPHPOBAHHH LHKJIQOKTATETPacHOB.

[IuKAOOKTaTeTpacH HOAYYAIOT TETPaMepHU3alHedl  aueTHIeHa
(B. Penne): .

NI{CN). H.
4 H—C=C—H T m © g O
LHKLCOSTaH
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Briepstie UMKAOOKTaTeTpaeH Ow1 HOAydeH P. Buabmterrepom
(1911) BEpH AeCTPYKIXMU ANKajiOMfa HCeBAORSALTHEPiiHA.

dH3gueckne CBOKCTBA H MPOCTP2HCTBeRHOe cTpoenne. Llukaookra-
B SBJAIOTCH GECHBETHHMH KUAKOCTAMH, LIKIOOKTATETPACHR — XKeJ-
ToiMu. MONEKy/a LHKJAQOKTAaHA RBJAETCA H3OTHYTOH, HPH ITOM BO3-
MOMHO SHAUHTE/bHOE KOQUHYECTBO KOHbopmanuii. Hinke npuBefeHH
yeThipe 1i3 BO3MOKHBIX KOHGOPMEPOB MOHO3AMEIEHHOro LHKIOOKTaHa;

e D = CF =

MoaoGuble KOHPOPMEPEL MMEET TAKXKE UHKJIOOKTATRTPACH,
Xumuueckue csoicrea. LIMKAOOKTAH MO  XHNMHYECKUM CBOHCTBAM

ROZOGEH ankaHaM. B IPHCYTCTBHH KHCAHIX KATAJH3ATOPOB MPOMCXO-

JUT H3OMEpH3alHs — CyXeHHe LHKaAA:

o ,CH, CHy
[\ + .
CH;

LIMKNOOKTATETpACH ABAsSETCH TUNHMIHHIM MAOJNHENOM, BRICOKOpEAK-
IIOHHOCNoco0e .

Baxueitmve npeacraeutead. Luxascoxman — GecupeTHaaA JKHA-
KOCTb ¢ 3amaxoM Kamdopel, T. kun. 145 °C. Ero noayyaioT KaTaauTy-
yecKHM THADUPOBAHMEM LHKAOOKTATeTpaeHa. McmoapayloT B OpraHi-
YyeCKoM CHHTe3e,

Liuxrookmamempaen — ¥eatas XKHAKOCTb ¢ T. Kum. 142 °C. Ero
HONMyYaloT H3 aneTHAena, L[HK/JOOKTaTeTPaeH JErKO MOJNAMEPRIYETCS,

XK. JEKANHHB

Mexaaunu (fexaruaponadramnusl, Gunuxaofd.4,0! rekanul) noryvaw?
KaTalHTHIECKHM THAPUPOBAHUEM HA(TAMHHA.

OnH npezcTaBARIOT OG0 GeCIIBETHHE KHAKOCTIH €O CBOCOGPA3HbIM
3anaxoM, B BOAe He pactsopmoTea. T. KHRA. yuc-iexanuua 194,6 °C,

mpanc-fexanuta 185,5 °C.
Hsomepnl yuc- B mpasc- ONPEAeAfIoTCA PACHOIOMEHHEM ATOMOB

BOROPOZa MPH MOCTHKE:

H
iﬂ :I . ﬁ
Tpanc - pexan e« ek any

ITo XPMHYECKHM CBOACTBAM JCKATHHB HOZOGHH MPOMIBOAHLIN HHK-
sorexcana. [Tpu rtaxpupoBaHui HadTamsa nosydaeres cMecsH fuc-
H mpaHC-U30MEPOB, KOTOPYIO HCMOJIL3YIOT B KaueCTe pacTBopiilead,
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3. HUKNONEHTAHONEPTHAPOSEHATPEHD!

Cucrema  uHMKJONCHTaHOMepruipodenagTpena  (Terpaunkiao({12.3.0,
0413,0%+]renrazieKana)

CHy W o

AIBJISETCS OCHOBOH BAKHHIX TPUPORHHX BEIRECTB — Cmepoudos. Ylpu-
BeficHHas B GOpMYyJe Hymepallus aTOMOB Yriepolia fiBaseTcs HPUHATOR
B XHMHH CTEPOHAOB H HE OTBCU3eT MPABHJAAM CHCTEMATHYECKOH HO-
MEHKNATYPH IHKJIO0ANKAHOB,

B monekysax cTeponfioB GHuukaH AekaanroB (AB u BC) mmeror
mparic-ctpoetne, a y 10-ro # 13-r0 yraepoAHHX 2TOMOB HAXOAATCH
MeTRJbHbIE TPYRMH (QHryJAspHble METHAbHHE I'DYHRL).

K crepousam npuHagnexarcreprin (R'=0H) — xonecrepun, cre-
POHIHEE, WJIH HOJOBHE, TOPMOHB (3CTPOH, TECTOCTEPOR) H CEPAEUHHE
TJMKO3UH, KOTOpble HrpaioT GOJbIYIe PO B JKH3HEHHBIX NpONec-
cax. :

H. AIAMAHTAH

Yraesonopoa afamautan CyH;, npencranaser cofoit GeciseTroe x puc-
TAJVIHYECKOS BOHIECTBO CO CabhM 3amaxoM Kamdops; T. mia. 269 °C
(so3ronsiercs), B BOJe HEPACTBOPHM, o

£ Monekyna agamaBTaHa coAepxKuT CHCTEMY  yrJe-

POAHBIX aTOMOB, NPOCTPAHCTBEHHOE DACHOMNOKEHHE KO-

TOPHX COOTBETCTBYET KPHCTAMLIMMECKON peleTke an-

Maza. Kpucrannu agamanTana umeior dopmy OKTasjpa.

AnaMauTan Briepshie Gha ROJYYEH NpH nepepator-

ke HeKOTOphIX Redredi. CHHTETHYECKH ero momywaior
THADPHDOBARHEM AMUMKAONEHTAUERA C HOCAEAYIOWEH Neperpynmu

KOH TPORYKTZ THADHPOBaHHA: poe-

e L= L)

AjaMaHTaH HMeeT BecbMa HH3KYIO SHEPrMio HOHH3AIMH (9,25 3B)
H 151 HETO XapaKTepHL! PeakIlU ¢ 3NeKTPOPHALHBIMY peareu'raim (ra-
Bpuvep, Gpomuposanue). FlpomexyTounoi wactumet Moxer 6uTh aja-
MaHTHI-KATHOH, O6PasYIOIHACK YiKe B KOHUCHTPHPOBAHHMX PACTEOPAX

) _ BBV



KHUCJIOT!
Br

HBr

Bry, AlBry
- + [ABr.]-

Xumusa ajaMaHTaHa 6bICTpO pasBHuBaeTrcst, HEKOTOphIE ero Hpou3BOA-
Hble 061aJaI0T CHABHBIM NPOTHBOBHPYCHLIM JelCcTBIEM.

Taaga VI
APEHDbBI

P e
Apenamu (apoMaTHYECKHMHU YIJIEBOJOPOLAMH) HA3bIBAlOT Gorartble YrJe-
POIOM LMK/IHYECKHE YIJIE€BOJOPOALI, KOTOPHIE COjepIKaT B MOJEKYJe
0coly10 CHCTEMY CBfi3ell — IHUKJOreKCaTPpHEeHOBHIl IMKA H o61ajaror
OCcOObIMH (PU3HYECKUMH H XMMHYECKHMH CBOHCTBAMH.

HUCTOPHUA OTKPBITHS. KJIACCHUPHUKALIHS

TIpu H3y4YeHHH KOHACHCHPOBAHHBIX OCTATKOB CBETHJBLHOrO rasa, nmoJay-
4aeMOro 3 KaMeHHoro yrasi, M. ®apazgeit B 1825 r. Boyeany yrie-
BoZopon ¢ Temneparypoil kumeHusi 80°C H ompejenun COOTHONIEHHE
yriepoja M BOAOpOJAa B 3TOM COeJMHEHUH, paBmHoe | :1. B 1834 r.
. MuTyepsan NpH HarpeBaHHH cosell GEH30HHON KIIC/JIOTH (BEHIECTBA,
BBLIZEJISIEMOTO H3 NPHPOLHBIX apOMaTHYECKHX CMOJ) NOAYUHI MOA0GHBIH
yI1€BOAOPOA M Jan emy HasBaHue Oensun. [lozxe 0. Jlu6ux npen-
JIOXHJI HAa3BaTh 3TO BEIIECTBO (EH3040M.

Benzon nmen ceoeoCpasHblil 3anax W oOHApYyKHUBAJ CTPAHHBIE XHMH-
vyeckve cBoiicTBa. HecMoTps Ha cBOW ryGOKYIO «HEHACHILIEHHOCTD®
(dopmyna CeHg), Genson Tpyano BeTynasa B peakuUUH HDHCOELHHEHHS,
HO JIETKO JaBa/ CBOeOOpasHble PeaKLHH 3aMelleHHsl BOJAOPOIHBIX aro-
moB. [losromy 6GeH3os H €ro HPOH3BOAHBIE, KOTOpPBIE GBHLIH MOJYUYeHbL
BCKOp€ [OC/ie OTKPHLITHA (eH30J1a, BLIIEAMJH B CHENHAALHBIH KJAace H
Jlanu HasBaHMe apomamudeckue yeaeeodopodsl. VIx npousBoauble Has3Ba-
JH apOMamuu4ecKuMu COe0UHEHUAMU.

CrpykTypHYy0 dopmyay 6eH3071a KaK CHCTeMBl LHKJOrekcaTpHeHa
BIEpBhIC NPELIOKHUA B 1865 r. Hemenxuil xuMik A. KekyJe:

|

C
B
| it HaH l “
C S )
H N\¢/ “H X

|
H

Osnako Kekyne He MOr He BHIETb NTyGOKHX NPOTHBOPEUIfi MEKAY
GopMaIbHOM HEHACHIIEHHOCTRIO GEH30/1a (COMPSKEHHDIH TpHeH) H ero
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dusnyecKuMH M XHMHUECKHMII CBOficTBaMu (TepMuuecKas cTadi1bHOCTD,
peaxnuu saMeiieBus). OH NPeNoaokKua, 4T0 B OCH30.1€ HeT HACTOALLNX
NBOfHBIX cBfi3ell, H BBIABHHYJ HAEK OCYUANALUL C8A3eU:

(=() |
U=l

B cBA3H ¢ 3TUM HOHSTHSI «apOMAaTHYECKHE COSANHEHIIS, «apCMaTH-
yecKHe CBOMCTBA» npHobGpenn ocobulil cMbica. TaK cranu HasbiBaTh
COSIHHEHUS C IHUKIKHYECKHM CTPOEHHEM M XAPAKTIEPHBIMH OCOGCHHOCTS -
MU — TpeMsl JBOHHBIMH CBA3SIMH B INECTHUJNEHHOM LHKJE H CHEHH(H-
YyeCcKUMH XUMHYECKHMH CBOHCTBaMH.

[TporuBopeune Mexay (GOpManbHOH «HEHACHIIEHHOCTbIO» H CBOe-
o6pasHbIMH (M3HYECKHMH H XHMHYECKHMH CBOHCTBAMH OOBACHHTb
CMOTJ1a TOJBKO KBaHTOBasl OpraHHYecKast XMMHS .

B mnocnegnee BpeMsi HOHSITHE <«apoMarTudecKHe YIJIEBOJLOPOABI»
NpefardioT 3aMellNTh Ha «dapeHbl», a «apoMaTHYecKHe COeAHHEHUS» —
Ha «IPOU3BOJMEIC aPCHOBY.

ApeHBl NOApa3aensioTcd B 3aBHCHMOCTH OT HHCAA LHUK/ACB B MOJe-
KyJe H crnocoba coefHHEHHS LHKJIOB. CaMbIMH NPOCTLIMH fABJSAIOTCS
MOHOUUKAUUECKUe apersl — GEH30/ H €ro TOMOJOTH H NPOH3BOJHBIE,
KOTOpble MOXKHO HashkBaTh apeHaMH psana Oensona. [loautuxauueckue
aperibl TIOAPA3ENAIOTCS HA apeHbl ¢ M 30N UM POBAHHB M U I HK-
JaMH H C KOHJZEeHCHPOBAHHBMHM ILHKJADMU.

A. APEHBI PAJJA BEH30JIA
1. UIBOMEPHA M HOMEHKJATYPA

ApeHbl 0eH30JLHOTO Psijid MOXKHO PacCMaTpHBATHL KAK MPOAYKTHl 3aMe-
IeHHsT ATOMOB BOJOPOJA B GEH30IbHOM AApE HA aJKHJIbHbIE (aJKeHHIb-
HEIE, aJKHHUJIBHEIE) TpYRAbl. Hinke HprBeenbl HeKOTOPLIE BaKHeHinme |
NPEACTABHTE/IH apeHOB.

CH, CH,4 CH, . CH,4
| L ocH, ) |
NN NS NN, N
CH;
€eH3on TOJNYON opmo-KCua10a MCMA-KCHIQI napa-wcuaon
(1,2-numeTi.I- (1,3-guMeTna- (1,4-auMerita-
6enzo.) 6en3o.1) GeHzoa)
CH,CH; CH, CH,4 CH,4
! | cu el |
/\| l//W/ i (/\'/ ? PN
N\
N/ NN, Y/ e NN,
CHj,
BTHNGEH30S 1,2,3-Tpurse- 1,2,4-Tpume- 1,3,5-TpumeTin-
TEN6E 500 THA6e 300 6eHsaa
{(nceppOKYMOIT) (Me3anTHIeH)
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CH
/\l\ H,C..,\ fT /CHs
\J ch/ N/ \CHs
KyMon AYDOT i
(Hgg:gg:)&m— (1.2,462&-;3;;;“&“-

Apenm GeH30AEHOIO paxa ¢ HEHACHIUCHHHIME 3aMeCTHTeNAMU?

CH=CH,
F\]\ /CH=CH, r\ﬂ C=CH ﬁﬁ
\J N/ \f/
CH =CHg
cTHRON sTitnnGeaon 1,4-pnsufan.
(ansundenson, {beunnaneTaen) denson
peunasTuneH)

Crenysn nomenxmatypubim npassiam MIOINAK, waseanus apeHos
JOKHE  uMeTh cypukc -ex. I[Ipeanaraercs mucate He Genson, a
Genaers, He moayon, a mosyer. Takue Hazpanus yHoTPEOAAIOT B aHNTI-
CKOM fISbIKE, HO B IPYIHX A3HKAX MOKA ele coXpaHaercs cyqxpyKe -4,
HECMOTPSA HA TO, YTO NOAYYAeTCqd HEKOTOpadA NYTAHNUA ¢ HASBAHUAMA
CITMPTOB H (eHoN0B, Kotopule no npasiiaaM MIOMAK umeor cydduxc
-0n.

ABysamemennble GeH30bH 06PA3yIOT TPH H30MEPa B 3aBHCHMOCTH
OT NOJIOKEHUA 3AMECTHTENCH: opmo-, sMema- U napa-npoussoduse (Cok-
PaleHHO 0-, &~ H 72-) HIY, COOTBETCTBEHHO, 1,2-, 1,3- 1 1,4-3amemmenHbIe
OeH20/1LL.

Haspanus octarkoB apenom .ofipasyior ¢ moMotmpio cydxpukea -ua

{apus-). Ins HEKOTOPHIX OCTATKOB COXPaHHAHCH TPHUBNAJbHHE HA3Ba-
Hus:

CHj CH, CH,
0o GGG
(RUENTAINN
St Gensane 0-TOXRA*  A-TOXMLNs  7-TQULY~
6\ /CH, ﬁ\ CiHs r/\ /CHACH,—
N\ I\CHS \), \J
@, 3-KcHanae 2-9rnderinA densrite

i78

Hassauns JBYXBANEHTHRX OCTATKOB:

| |
N/ 78N AN\
() 0 0 -
N NN A
odeunnen-  s-deunned- n-4reuln.1eu- J

2, METOABL NOJYYEHHA

ApeHbl 6eH301LHOTO PSIAA B NPOMBILUIIEHHOCTH TIOAYHAIOT NpH hepepabor-
Ke KaMeHHOro yrvia H HedTH M aaKu/JIHpoBaHHeM GeHsona. B naGopa-
TOPHH HCIOJILAYIOT aRKIJIHpOBaHue H AUMAHDOBAHHE ¢ TOCAESHYIOLIHM
BOCCTAHOBJCHHEM ALHJIIPOXYKTA.

1. TMoayuetne w3 RPUPOAHLX Beunecra. Meropruuecku nepsuM METO-
JIOM TIO/ydMeHHs] apeHOB ABJACTCA cyXas AEpPeroHka KaMeHHOro yras.
Kamennuit yronp marpesaior npu 900—1000°C Gea pocTyna Bo3Ayxa.
FMonyuaior cyxoi#t octatok (KOKC), rashl M KaMeHHOYTOJbHYK) CMOJIY.
B 1 M?® rasa cogepxurcs okodo 30 r Gensona u 10 r Tonyona. Cmona
COREPAKHT HeDOMbLIMe KonuyecTBa O€H30.1a, TOMYO1a, a2 TaKKe KCHJIOo-
AW H MOJHUMKAMIECKHE apeHbl, (EHOMH H reTepoLyKIIUCCKHe COSLH-
uenun. U B HacTonmee BpeMa KaMeHHBIH YIoJb ABAAETCH IVIaBHBIM HC-
TOUIINKOM aPEHOB.

Bensoa, Tonyon # ApyrHe mpocThle aPEHl BCTPEYAIOTCH B HEKOTO-
peix coprax Hedr. HUx moaydalorT TakKe MDH KaTaAdTHYECKOM Kpe-
KHHT¢ He(PTePOAYKTOB.

2. XeruApupoBadHe H RETHAPOUMKIH3AUNA. BaiKHAIM CHHTETHYECK HM
METONIOM TIOIYREHUS aPEHOB fABAASTCS NEerHAPHPOBAHNE aNKaHOB H UHK-
Joankauos. LlukaorekcaH JIeTKo npeppalgaercss B GeH3om:

™ s000c O3
|| Jrem
/ N
Ankaust HAR OKCHAHEIMA KaTa/AH3aTOPAMH UKKJH3YIOTCA H AErHAPH-
pyioTca ¢ o6pasoBalneM apeHos:

CHg

450 =500 °C //
HOC—CH:_CHQ“CHg—CHa.—Cﬂz_CH:‘ _,__,l | +4H1
" rentaH Cry0u AL, N

CHy

: CH
H G Chy— Gl CHy —CHym Gy Ctte—cit, 225 1 s
—CHy—=CHs—CHy — CHym CH p Binkdhitutudihd
3 a - 2 :x-;au 2 3 a 3 CraUyALO, Jl ~+4Hj
Sr1oT npouecc HA3KHBaeTCS NETHAPOUHKAN3ALMEN 2JK2HOB RN apo-
Marnzawiell HedpTH. BoAbIIHe 3aCNYTH B H3YYEHIH STOH PEAKLUH U BHEJ-
PeHHd €e B MPOMEIUIIEHHOCTH [PHHALIIKAT COBEICRHM XHMHKAM
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(P. JI. Moanascknit, B. A. Kasamcxn#t, H. J. 3erusckufi u
A. @, [nars).
3. Uuknotpumepusauys. B npucyTCTBUH METAMNOPraHHYECKHX Ka-
TAAU3ATOPOB ANKHHH JETKC MpeBpailaioTca B apernl (ra. IV. 4.2),
4. AnkunupoBanue. B peakumax ankuanpoBaHHA GeHaona nojay4da-
10TCA 2AKHAGeH306. ANKHINPOBAHHE RPOBOAMTCA TANOreHAJKAHAMY,
AJKeHaMH H CRHPTaMmH (cM. c. 188). -
5. Tonysenne H3 KMCAOPOACGAEPK2MIMX MPOM3BOIHLIX. a) Boccra-
HOB/ICHHEM ADHJIKETOHOB MOAYYAOT AIKMANPOH3BOAHBE 6en3oa:
o
I

N/ Nen, - r\, /CH,CHS
o]

auerodelion

6) AeKapOOKCHIMPOB2HHEM apeHKapGOHOBHX KHCJAOT NPH Harpesa-
HHH, JyUlle BCEro B NPUCYTCTBHY KATa/IH3aTOPOB (OKCHAOB METAnn0B):

i
r ./'Cl\()H o O
B — ( JI-;—CO,
N TN
Genaotinan

KUCAQTa

3. OM3HYECKHE CBONCTBA U CTPOEHHE

Bensoa u ero roMoJ1oru ABAAIOTCA GECUBETHHMY KHAKOCTSIMH U KpHcTana-
JIHUECKUMH BEILeCTBAMH €O CBOCOOPasHEM sanaxoM. OHH Jierde Boapl
H C BeCbMa GONIBIMMH KOM(DHIHEHTAMH TPENOMJICHHS CBeTa (Tabyl. i6).

. Teanora o6pa3oBaHus, NOJAAPHOCTH MOJIEKY]l H 3HEPrHH HOHW32-
uun. Ilpn obpasoBanuy GeH30Na M3 ATOMOB BHIZENAETCH GOMBLIE Tem-
JIOThL, YEM MOXCHO GBIVIO Obt OXKMAATH HZ OCHOBE PACYETA CYMMBI TePMOXH-

Tabruya 16. Hexoropeie GUInvYeckHe KOHCTAHTH apeHos paza Gensona

Koadpuusent npe-
Hasoaxue T. an., °C T. ke, °C d:o nozmem;g chera
ﬂD
Benaon 5,5 80,1 0,8790
Tonxyoa —95.0 110,8 0,8669 { :i&l;é
o-Kcenaon -—29.0 144 4 0,8802 1,5054
#-Kewaoa —53.8 139,1 0,8641 1,4972
n-Kengon 13,2 138,4 0,8610 1,4958
[Ncespor ymoa ~57,4 169,4 0,8758 1,5048
Y80 —56,9 152,4 0,8618 1,4914
Mesntuaen —52,7 164,7 0,8651 1,4993
Hdypon 80,0 195,0 0,838 1,5150
(81 °C)
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MHYECKHX SHEPTuil OpAHHAPHKX H ABOAHBIX caAsell. Pasnmua cocTaBns-
eT okono 160 kJx/Monb.

HeoGbuaiino Goasliaa pasHuna sHepraii AE cBHIeTenbCTBYET 0
cnenudHUecKol CTAGHAN3ANMH MoJeKy/H GgH30Ma B pesyabTaTe CoO-
NPKERHA TPeX ABOMHAIX CBASeH B IIECTHUIEHHOM IUK/E (HePrHs pe-
30HAHCA, COTPFXEHHS, AEJOKAAM3aUWH). AHAJOTHUHHIE PE3YJLTATH
MOWHO DOJYYHTH TPH CPAaBHEHHH TEMIOT FHAPHPOBAHHS OeHsona H
nukaorekcena {em. i1, VI. A. 4),

Benzont — menoaspuoe coenuuende (u=0), HO ATKUIGEHIONB HMe-
JOT 3JMEKTPHUECKHe AMMOALHEE MOMEHTH. JTO CBHAETEILCTBYET O 3HA-
YHTeJNbHOR MONAPH3ANHA SNEKTPOHHOH CHCTEMLL:

HC CH;
\ /
CH; CH
@'m'
210", Knene, . . 1,34 177 : 1,44
sD...... . 04 0,53 043

JHnoARHBI MOMEHT HARPAB/ICH OT 4AKH.ILHON TPYNOEI HA GeH30M5-

BBl DMK,
O NOABIKHOCTH 3JEKTPOHHOMN CHCTEMEl 6eH30.1a H 3AeKTPOHOAOHOD-

HHIX CBOHCTBAaX CBHAETEJbCTBYIOT BECbMa HR3KHE 3HEPTHH HOHII32LlRU.

Ineprus HONH3AUH APEHOB

311 (sB) '3M (3B)
Bensoa . . . ... 9,24 Icepnokymor ., . .. 8,5
Toayoa . ..... 8,72 Hypor .. ... ... &l
oKchaon . .... 8,45 TexcamernnGenzea . ., . 7,9

2. Feomerpua modexysn M pacyer MO. IjekTponorpaduineckse Ic-
CAeA0BaHHA GeR30/a NOKAa3agd, YTO MOJEKYJda HMEeT BHICOKYI CHM-
METpHIO — OHa npefacTasafer cofoff UPABHABHLIA NJAOCKHH ILECTH-
YTOJABHIK.

Bce cBaizu C—C 0AMHAKOBBL H HX JIAHHA HE CO-
OTBeTCTBYET H¥ OpAuHapHoif, HW ABoliHoii CBA3H.
Vrast Tpurohansise — 120°. g roMmosoros  Ge-
302 RIVHE! cBA3eH ¥ YIABl H3MEHAIOTCA Heaxad-
TeJILHO,

Yraepoaurie aToMel B cHcTeMe OGeH30aa Ha-
XOAATCA B COCTORHUH SPp*-THGPUAN3AUMH, KOKAKA
. aroM o6pasyer TpH G-CBASU M NpPeIocTapasfeT Of-
Hy p-opbutasp Aaa oGPasOBAHHA CONPAXKEHHOW CHCTEMEI H3 1UECTH
N-3JIEKTPOHOB. '

Letecoofpano mpHBECTH HEKOTOPHC pe3yAbTaTel pacueton mo merody MO
XI0KKe 151, KOTOpHe ROATBePAAaloT §0IbYI0 cTaGRIBIOCTL MOJIEKYdl $enzoaa
4 0cOGelINOCTH A-3JEKTPOHNOM CHCTEMLL,
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1$E — E=u-2p
b — — E=Li=eag
I #om gt b4, 30

Br _H— .ﬂ- Ei=Ey=ueg 2=¥¢1+¥"’x-{i¢a"§¢4_'{_’*s+"‘§%
- Bi=aedp o w= kvt et

Puc. 67. Inarpamna SHepreTHUECKHX ypoBned Gen3ona i 3RaeHHR COGCTBEHHBIX
BCKTOPOD 3ano/iBeHRHX MO

¥y ¥,
0,167
0,167

Puc. 68. Ouepranas 3anoamexnpix MO Gewaona H 3HauyeHHd
2
ONHO3TEKTPOHHON HIOTHOCTR Cjp

TIpst kOMGHEALMA MIECTN ATOMHLIX OopGuTastell |, O6Pa3yOTCA WLCTh MOAEKY-
nAspEBX opGutanelt ¥z :

P
| ”v ¥y=cpbitepbe ot ciodsHopdstesete (1=1,2, 3, 4,5, 6)
N '

e

Pacyer Jlaet aHeprun opGutaiefi E; # coGeToelne BeKTOPL &7, TpH AQ
p Bupaxenkax ¥, (puc, 67},

E Gelaoae AMelOTCA ABEe 3amoaHeHHbte MO ¢ oxunakoBofi aneprue#t (BEpoOX-
JeRHHe OPOHTAIH), KO HX BOMHOBHE dyukmm ¥, ¥y COREPUICHHO PABJIAYHEL,
Ecau ¥y OTHOCNTCH MOAHOCTHI KO BCEM LIECTH YILIEPOAHEIN aTOMaM H HE HMeeT
yanopofi naockocth, 0 ¥y B W3 uMeIoT N0 ORHOJ Y3.10BOf MIOCKOCTH K pa3anya-
ored cHmMmetpuell, Ha pre, 68 cgesana nountka 6ojee HarisLHO H306Da3HTh 32-
monnexnne MO Genaosra.

CyMMapHas T-2.TeKTpONHas MIOTHOCTE HA K2XKAOM YIIePOXROM aToMe ¢,=l,
NopAROK A-CBA3R p,o=0,667, cBoGonnasn BafenTHoCcTh F,=0,39,

L)
¥s

1
0,667
1 i
1 I
0,39

MoOXHO pAaCCUHTATh NOAHYI0 SUEPTRIO N-9CKTPOHOB CHCTeMW GeH3oaa:
CH,__
ECiHe=ga+8p,

Uexops ns £, Gensona # 3THAEHA MOXKEO pacc$uraTh SHEPrHIC JCJIORa-
JH3AUUH, cPaBUNBAS CEH30A C TPEMS MOJNCKYJIaMH ITHJCHA:

AERN = Qoo _3pGHa— 08,

TonygacTcs oyenb GoAbLIAST SHEPrud LEAOKAAN3aUNH; 4TO TOBOENT O CTa.
GHALHOCTH MONEKYasl GeHaona.

Eme Toydee XxapakTepn3oBalk CTaGHALHOCTE LHEJAYRCKRX COMPSIM2HEBIX
CHCTEM MOXHO, HCTIONB3YA SHCP2UI0 YuKAukecKol deaoxaauwsayuu OEZ'T B,

T. €, CPAaBHHB2A M-9JEeKTPOHHYI0 SHepruio GeHzoNa ¢ SHeprued aHaJOrBIHOH, 1O
getpkanyeckofi cucremtl CH,=CH—CH=CH—CH=CH, (C;H,):

ApRmen. fen . pCtle  pCHe — (6o - 8B) — (6 +5,9888) =1,012B.

Paccuyrannan sueprug umRARYecKoll ANOK2ARIALNH ABASETCS OYeHb GOMb~
o, 370 CBH7ETE/LCTBYET O TOM, YTO 006pazoBarHe RukAAYecKEX MO jaer sHa-
YHTEALHE BHATPHIU B 3HePrad, STAM B 6obwoft crenent O6LICEACTCS BHCORASR
cTabAMbHOCTD B CONPOTHBJIEHHE PDEaXLUHAM NPNCOeAHHEHRS, TaK Kak maiofoe mpi-
cOgfiHAeHMe BHI3bIBAST Pa3pyuleHne CTaGBIBHON CONPSIKCHHON CHCTEME.

Monekyia 6eH30.1a AMEET TeHACHUMIO COXPAHATD CBOIO CONPSIKEHHYIO
CHCTEMY ILECTH TT-3/IEKTPOHOB, IO3TOMY BO MHOTHX PEAKLUIAX KpaTKoBpe-
MEHHO HapylLleHHAs LUUKAHYECKAs CONPSIKEHHAS CHCTEMA pereHepupy-
erca (peakuuH 3aMelreHs).

Ipennonarawt, uto 6aarozaps o6Pa3OBAHHIO 33MKHYTHX MOJEKY-
JNAPHBIX opbuTaselt B MOdeKyae GeH30J1a 110 BAHAHAEM BHEIHMX ¢ak-
TOPOB MOXeT BO3HHKATb HEKOTOPEI KOJBLEBONX TOK BC/IEACTBHE JABH-
JKeHMA 3MeKTPGHOR IO KOAbLY.

3ro namoaaercs npd ACHCTBHE MATHATHOTC NOJAS H
BHIPAXKAETCA B yYMeHbLIeHAHW JHAMAarHWTRON BOCIPHUMYH-
BOCTH 6eH301a M B CHBHIE CHIHANOB NPOTOHOB GeH30/bHO-
ro Kojaeua B cnektpax [IMP B GoJce cnabrie noas.

Tak xak Bce cBsisy C—C B GeH30Je OAIIHAKOBH, BO3HAKAET BOAPOC
© NPARHJILHOM HANHCAHHH CTPYKTYPHHX (opmy.t. CymecTByor pas-
JIAYRBIE CNOCOGH, HanpuMep: :

¢ 9 0-0

Jnsa HesaMemeHHoro GeH3o/a BIOJHE ONPABAAH CIIOCOG HANHCAHHSA
€ TOJHOCTBIO MIEJIOKAJIH30BAHHNMH H BHPABHEHHBIMH ONMHAKOBHIMII
ceassmi (). Ho Bce-raku nanGoaee yacro ynorpeGrsior ¢opmyay Ke-
Kyae (a), noipasymeBas NIpH 3ITOM AEIOKANHIALHIO T-DJEKTPOHOB M
BHIPpABHHBaHHE M-CBA3eH,

CreTeMB! 3aMellleRHEIX GeH30/I0B HMEIOT MEHbUIYIO CHMMETPHIO, YeM
6eH3on, JJIUHEI CBA3ell HEOAHHAKOBbI, HAMEHUJAHCE NMOPAJKH N-cBS3el,
TosTomMy st HHX HEKOPPEKTHHIM Obino ©6bl npuMeHeHHe dopMya
(6). Ho u crpyktypusie gopMysnt Kekyae (a) He cnocofHH HarigAHO
H206pa3uTh BAHAHMUE 3aMECTHTENA HAa pacnpefeneHHe N-3JeKTPOHHORA
HNOTHOCTH.
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Kak nokasbigaior pacyerst MO, 3aMecTHTEIH BLI3HIBAIOT H3MeHEHHs
M-3/IEKTPOHHOR MNOTHOCTH HA YIVIEPOAHHX 4TOMAX GEH3OJBHOCO KOJb-
1a. DNeKTPOHOACHOPHLE 3aMecTuTesnn D: (aAKuALHEE TPYUINE!, aTOMBI
€ HEMNOACMCHHBIMH napaMH SJEKTPOI-IOB) YEB&VIHULBAIOT NNEOTHOCTD 3JCK-
TPOHOB Ha 0- H A~YTACPOXNEIX aTOMaX, HANPOTHB, ACKTPOHOAKLCNITOP-
REIE 3aMecTHTeNH A (rpynnuposkH ¢ rerepoaromamu O, N, comepixKa-
IfHe JBOHHLIE H TPOHHLE CBASH) YMEHBINAIOT SAEKTPOHHYIO IVIOTHOCTh
Ha 0« H #-YIJIEPOAHBIX ATOMaX. 3T0 3aTPyAHAET H300paXKeHue NpH Ho-
MOLIH H3OTHYTHX CTPEJOK, TaK KaK BAUAHHE 3aMeCTHTENA OTHOCHTCA KO
BCEH COTPMAXKEHHOH CHCTeME:

aij o
& &
5 3+
CnekTPOCKONHYECKHE XaPAKTePHCTHKH. DeH3on M €ro roMoaorH

HMEIOT OYeHb XapaKTepHOE MOrfiouledHe B YALTPAQHOACTOBOI YacTH
CNEKTPa, MHTEHCHBHOE B oljacty 170—210 HM, H MaJOHHUTEHCHBHOE

{2~200) B o61acTr 240—270 uu, npH

e 5TOM HabmojaeTcs TOHKas CTpyK-
o TYpa. Manas MHTEHCHBHOCTE OGBAC-
HACTCA BRICOKOH cuMMerpueil m-op-

" 70 GuTanefi M CylleCTBOBAHHEM BBLIPOXK-
’ g8g ACHHHX opOuranelt (oepBeldl 3sex-

20 §§ - TPOHHHIA MEPeXONX HMELT Manyio Be-
" * poaTHocts). ToHKas cTpyKTYpa cBA-

" 3 32Ha ¢ BO3HAKHOBEHHEM BeckMa Of-
L L e JHUAIOMHUXCS APYr OT JAPpyra KoJje-

Be. w0 B0 250 iws  GaTeABHHWIX YPOBHEH BO3GYXAEHHOTO
Puc. 69. Duextpounsift cnektp no- COCTOAHHA (puc. 69).
rJIoWeHHa GeH30Aa B PAacTBOPE nu- B I/IK-cneprax Getson u ero
KJOTeKeana roMOJAOTH MOTAOIWIAOT B O64aCTax
3000—3050 cM~! (BaseHTHHE KoJe-

Ganus C—H), 1500—1600 cm~? (pasenrnte KoneGanna C==C) ¥ 700—
900 cm~* (nedopmaunonsnte Konebauus C—H).

B cnektpax SIMP HpOTOHH GeH30JbHOrO KOAbLA XapaKTepuayioTea
CABHroM B ca1albie MarRuTHue noas (§=6,4, . .8,2).

4. XUMHYECKHUE CBOWUCTBA

CaMBIMH XapaKTepHEIMH At 6EH30/a H ero IOMOJIOroB ABMISIOTCH pe-
AKIHH 3aMECHUA MDY B3aUMOACHCTBHH € MEKTPODUALHLIME peared-
tamH. JJis roMosoro GeH30/a XapaKTepHB! TaKkKe peaKuuu y yrae-
PORHOrO aToMa saMecTutena (PeakUuu B 60KOROR LeNH), KOTOpHe Beer-
fa OCYIRECTBAAIOTCSA MO CBOSOAHOPAAMKANBLHOMY MeXaHuaMy. Menee
XapPaKTePHH PeaKNHH NPHCOEAHHEHNA K CHCTEME LHKJAOTEeKcaTpHeHa;
TakHe PeakuyH NPoXolaT B OCOOHX YCAOBHAX: NPU HTEHCHBHOM OCBE-
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WeHMH HAH TPE B3auMoLecTBHH ¢ O4EHb AKTABHBIMH DEATeHTAMH H
KaTtaJaH3aTopaMH.

1. Peakumn snextpopmabmoro aamemenns. a) M eX aHH S MM,
TMpu B3aHMOZEHACTBHH C 3NEKTPOLHALHLIME peareHTaMH 6eH30a U €ro
FOMOMOrH CHau21a 06pasyioT f-KOMIVIEKC (KOMAJIEKC ¢ TepeHocoM sa-

paaa):

+ EtX~ =—= Efx™

aIoETpaD LR

pearest R -KOMTINCKC

310 MOXKNO O6YapYKUTh NPH NOMOINH SACKTPOHHBIX CHEKTPOB NOr-
JIOMIEHHR, TAK KaK 06pa3oBaHHE M-KOMIVIEKCA CBA3AHO C MOABJICHHEM
HoBOH nosiocH roraomwenus (. XXX.3).

ai-KoMnstexke, MOT/IOMAA HEKOTOpOe KOJNHUECTBO 3SHEPTHH, MOXET
fipeoJoNeraTh aKTHBAUHOHHHN Gaphep H NMpPeBpailaThCs B HOBYIO 4ac-
THUY, e NPOHM3OULIA MEPecTaHOBRKa cBs3ell W ofpasoBanach HOBAA
o-cBsi3b C—E. TaKyto YacTHIY Ha3HBAalOT G- KOMILIEKCOM:

G -KONRLICKC

| @B*X‘ — :x‘ = :

o-KoMmnaeke sBAfeTcH CONMPSIKEHHBIM KapGOKAaTHOHOM, IAe Mo.j0-
WUTEABHBI 3apAL AC/IORATH30BAH B CHCTEME NATY YIVIEPONHKIX aTOMOB,
a wectoft YrepoAELI aToM HAXONHTCS B COCTOAHHH Sp>-rHOPUAM3ALNH
H B CONPs’KEHHO!N ChCTeMe He yuacTByer. Pacnpenenesue nJOTHOCTH
3MEKTPOHOB CONMPXKEHHOro KapOOKaTHOHA MOXKHO TaKXkKe H306pasuTh
TpEMA Pe30HaAHCHBIMH TpaHHYHRIMH CTPpYKTYpaMHu:

+ /H /H H
O o8 O
+ +

o-Komnaekc — wactuna ManocraGuibHasA, ero o6pasoBaHHe CBA3a-
HO C paspymexteM cTaGuibHON 6m-31eKTPORHOA CUCTeMM GeH3oaa.
TTosToMYy O-KOMILIEKC JErKO NPeBPIILAETcA ONATh B CTACHABHYIO CHC-
TeMy Gensoana orulenyiennem E* uaw H+*. B Goabuigcree caydaes
Jlerde NPOMCXOIUT OTUIEN/IEHHE NPOTOHA (O-KOMIUIEKC BRICTYMaeT B
poau CH-kucnot) # ofpasyercs sameuieHunfi Gedson. B xauecree
NPOMEXYTOUHOrO NPORYKTA MOMKET 06pa30BaTLCA APYTO# T-KOMILIEKC,
B KOTOPOM 31eKTpodH/IbHON uacTHuell ABaserca ApotoH. TakuM oGpa-
30M, BECh NMpOLECC 3aMELIEHUA Tellepb MOMIO H300PasHTL OIHOI cXxe-
Mofi:

J'H
‘] + BYX" === @-E*x* = E ==
N X- .

' E . E 5y -
= HY == + H-X
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OnekTpoduAbHBIE PEAKUHH 3aMELMEHHA B GEHACABbHOM LuKme pac-
CMaTPHBAKTCA KaK ofpaTnMbie peakuun. Mx nanpabnenne anpeges-
€TCAA SHEePreTHYeCKHMH QakTopamu (3Heprueii HauaabHOrO H KOHEeYHOro
coctosiHufl, sHepruefi c¢Bstau C—E) H OTHOCHTEJIBLHON 2KTHBHOCTBIO

§+ &6-—
snexTpobuaa u snextpodyra E+X~ w H—X.
3avectnTenn B GEHIONLHOM MHKAE CYIIECTBEHHO BIUANT Ha obpa-
30BAHUE T~ H G-KOMIJIEKCOB H HANPABASIOT (OPHEHTHPYIOT) BCTYNAIOULYIO
Tpynny B 0, n- WJIN 4-NOJOXEHHE. 3aMecTHTeNH O6GJEryaloT WM 3a-
TPYAHSIOT PEAKLHA SMEKTPODHILHOIO 3aMEEHHST H APOSBISIOT SXpeKT
OpMeHTaHH. DAEKTPOHOROHOPHEE samecturesin (—D:) ofnerqawr ob-
pa3oBanne x-KOMIIERCA, TaK Kak monukawor DM, u craGuansupyror
O-KOMILTEKC, OMIEKTPOHO2KUENTOPHLIE 3aMecTHTENH (—A) CHJIbHO 3a-
TPYAHAIOT OOpasoBaHMe M-KOMMVIEKca, TaK Kak nosbmanr U, a
O-KOMIVIEKC CTAGHAU3HPYIOT HE3HAYHTENBHO.
Crabuinsauus g-KOMI/IEKCA 37eKTPOHONOHOPHLIME SaMECTHTEIAMIT

BO3MOXXHA TOJNBKO HPH ONPEICICHHON OPHEHTAlUH TPYNN B 0-KOM-
n1eKce:

Dy D;)

PN

AIERTPOHOIONOPHMI 3aMECTATED DMRTIPOHOAAKOpLmEL

YHRCTEYET B JCACKATRIOWAN NOAG~  REAMCCTHTEND He MOMET

AHTENRONO JAPAA O -XORMILIEKCA YuacTmoesTh 8 Jei0ka~
AKIARHK 3apAZA

{ {
D: p: X
=)
+HX -+ HX
. E

01 -opreHTaLR

Crafnmizanus o-KOMIVIEKCA AOCTHAETCA JIONC.IHHTENLEOR AeNo-
Ka/nsauied MOJIOKHUTENbHOTO 3aPAZa ¢ YUaCTHEM 32MECTHTENS TOAbKO
B 0+ HIH A-NIOJOKEHHAX, 370 MOKHO HarAsiHee HOKA3ATh APH HCMOAbe
S0BAHHH PE3OHAHCHBIX TPAHMYHBIX (opMyJa. B stom cayuae peakuma
HZer GriCTpee, ym-u30Mep oOpasyercs TOMBKO B HE3HAYHTEILHOM KOJI-
YyecTBe,

ONEKTPOHOJIOHOPHEIME  3aMECTHTENAMH D: SBAAIOTCA ANKILALHHLE,
ajKeHnabHble, apuibHbie rpymnst (—CH,, —CH,R,—CH =CH,,

—C;H), rpynmi—OH, —OR, —NH,, —NHR, a raxxe atoisi razore-
186

na (—F:, —=CI:, —Br:, —I:). B cyuae ranoreH6eH30/N0B Peak iy HAYT
MeJIeHHee, YeMm /1A TOMOJIoroB GeHaona, TaK KaK aToMhl rajorena m»sfa
JOT 6oABWON HELYKTHBHMA ohdekr (—/). Ux U cpasruMbl C
Genzona. 0-, n-OpHEHTHPYIOMHE 3aMECTHTENN HA3HIBAIOT 3QMCCHILME-
aamu (opuenmanmamu) nepsozo poda. )
B ciyuae 3.JeKTPOHOAKUENTOPHLIX 3aMecTHTellefl BBHLY SAEKTPO
CTATHYECKUX (akTOPOB 3eKTPOdI/BHEIA PeareHT OpHeHTHpyercs B

OCHOBHOM B A-NOA0KE!IHE:
A
E E

A A
5+
M-OpHERTALHA

54
& G+ EfxT o=

5+ &t

Peakuud B 3TOM clyuae HAYT MeAleHHee, TpeSylor Goee KeCTKUX
51 M-H30Mep,
ycaopnii, [1aBREIM MPOAYKTOM SBJACTC
SNeKTPOHOAKUENTOPHBIMH 3aMECTUTENAMH A  SBAAIOTCH TPyMibt
O
_(;/’0 , =c? 7,

“OH R ) o
measmyu (Opuenmanmanu) 6mopo2o poda.

CyLIECTBYIOT TaKXKe 3aMecTHTENH, KOTophie He 06/1aaioT BEIPAKEH-
v dxperTom opuenraunn (Hanpumep, — CHCl,, —CCls) u B peax-
LUX NOAYY3EeTCH CMECh 0-, M- M #-H30MEpoB, o

6)BsanMoaeicTBHE cH-saegrpoduaamu. CHIb-
Hble KHCIOTH C APEeHaMH 06pa3yloT R-KoMIaeKcel. B mpHCyTcTBRH OCO-

—NO,;, —S80;H, —C=N. Ux Ha3pBalOT 3axecmnu-

6o cuabRBX Kucdor (ceepxkdcaor HF--SbFs, HF+PFs, HF+BFs,

SbF;+FSQsH) npoucxoaur npHcoeaHHeHne NPoTOHA C oﬁpaaonamren.l
CONPSKEHHOTO KapGoKaTHORa — GeH30/IOHHEBOTO HOHA (o-xoMnaexca):

R R

3y— HE+SHFs -
+ HXT == HIX~ &——= SbFg

’/

H H

Tak NPOMCROZNT OOMEN aTOMOB BOIOPOXZ, a B NPHCYTCTBUH Xeh-
TepUPOBARHBIX KHUCAOT — AEHTEPOOOMEH.

B) AnKuauposanrue laloreHaJkaRet B NPHCYTCTBHH Ta-
JIOTeHHAOB a/IOMHHHA JEIKO PearupyioT ¢ 6eH30/0M # ero TOMOJIOraMi ¢
oBpazoBaHMeM aNKUI3aMemEeHHBX OEH30JM0B H TajJoreHOBOAOpOjA
(ULl. ®pugens, k. Kpagre, 1877). Cuntaior, 9r0 raJoreHs amOMHHHES
NpH B3aUMOAGHCTBHYU C TANOTEHANKAHOM NOJAPHSYET CBA3b YIVIEPOA —
ranoren, yseauunBas TaRuM o06pasoM SneKTPoiIBHOCTE raJoreHas-
KaHa:

. o,
5% he—

@ + B A == R—-x—pAlX; =

\ . .

R
—— =R} (AIX,)~ = -Koumiexe —mm ©, + HX 4 AiXs

187



Benson ankuaupyercs TpyAHee, yeM TOAYOM H KcHIoW. B peax-
LAY aJKUJHPOBaHHs Bcera o6pa3ylorcs TaKke JH- H TPHAJKHINPO-
AYKTHI:

(aslVe (e (0
- ReX + Lic
\u ‘”’\)\R A e Y AV

9

B peaknuax aakuaupopanus Opugens — Kpaprca B xavectpe Ka-
TAIM3ATOPOS MOXKHO HCAOJL3OBaTh M APYrue Kucaotul Jlpiomca, Ha-
npnmep FeCly, SnCly, TiCl,, BF,.

Jng ankuimpoBaHHA apeHOB MOXKHO MCHOAL30BaThH 11€ TOJABKQ raJo-
FeHaJKaHbl, HO H aNKCHb HAH CHHPTH B HPHCYTCTBHH KHCAOT. DAERTpPO-
(HUALHEM PeareHTOM B 3TOM Cyydae MOTYT ObiTb KapGOKATHOHBI HJM
ONH3KHE K HMM HOHHbIE HApHI:

X

. .o CH;
. * +/
CH;—CH=CH, + H'X™ === CH;~CH- CH; =—>= CH
N
n 1 CH;
-H:0 | |[+H.0 . f
' a-Komnrexe
CH;—CH—CH; 4 K¥x~ == CHa—CH—CHa
} ok
Ol:l H/ x- Cﬂg

/
. CH + H¥x—
op

rPAnuraupoBaHnHe B npucyTCTBUIl Katain3aTopos Ppupe-
a8 — Kpagrrca ausaxaopunl pearupyior ¢ 6e13010M H €10 roMoaoravmu
< 06p330BaHHeM AUHNAPOH3BOAHBIX —~— APHJAKETOHOB!

- 1]
a+—§° ‘[!aﬁ.- 5=
+ R—=C{ g + AlC; == Lt Alcl, ==
cl 3
(ﬁ.
0 .
. I+ - SR
== (12 (AICIQ ™ ~—== o-KoMmaexe —m + HC1 + AlCl;
R

TpuxAOPHA &AIOMHHHA BOAAPHIYET MOJEKYAY auuaxaopuaa. O no-
JAY'JGHHH APHJIKETOHOB W cBOiicTBaX anmunxjaopupoB cM, ra. XXXIII.
3.

A HuTtpoBanue BeHson u erc roMojorH 0pH BaaHMOASHCT-
BHH €O CMECHbIC a30THOH M cepHOfl KHCJIOT (HHTPYyOLled cMecbio) 06-
PasyoT HHTpOcOoefMHEeHnd. B peaKuHH HHTPOBAHHMS 31eKTPOQHILHEI
pearent ofpasyerca B pe3ysbTaTe NPOTOHHPOBAHMA A3CTHOH KUCJOTH,

188

0co6eHHO B AYHCYTCTBHH KOHUEHTP K POBaHHOH (ePHOA KMCJOTHE
HNOs+H+HSO; — (HNOg)* - HSO 7
. !
NOY +H,0 s
3nertpodunbHoll yacthiell aeasierca katnoh NOF — Karon 1mit-
POHHS HAR ero Honuue maphtt NOF X =
' NG,

+ NO;F HSO0; === @—N():HSOT-’ o-Komruexs —» 4 H,SQ,

Ja/bHetimee HUTPOBAHUE RPOXOAUT TPYAHO, TaK KAK HHTPOrpyfua AB-
JSIETCH MOLUHEIM 5]EKTPONOAKUENTOP KM 3aMecTHTEREM:

NO, NO,
rT/ HNO,.; 1150, r/\u/
——
\) N
ho:

Toayon B KCHAOM HITPYIOTCH JIerye, yem 6EH3ON.

Ionpobree o nurpoapedax cu. ra. XXI. B.

ey Cyabpuporanue [Ipn B3aumoaeHCTBUH C CEPHON KHC-
JIOTOH HJIH OseyMoM GEH30M H ero FOMOAOrR ofpasyloT apeHcyabdoHo-
BHE KHCIOTH. TpyaHo cyanbapyercs Genson, Aerie — Toayosa, Ked-
JOJM H JApYrHe roMosiord GeHsosia. SnerTpopHIbHHIMH HACTHIAMH B
PeakuuH Cy.JIpHPOBAHHA MOTYT GBITH TpHOKcHA cepbl SO, Wi nporo-
HUpoBaHHHH TprOKexA cepht [HSO ) +:
2H,S0, = |H3S0,]* 4 HSO7 = [HSO3] + HSO; - H:0

: 0

OH

0
o Hsoy 5-oH

©+[Hsoaﬁnsor = ©o§=0 ~— 0 -Kopmnenc —> o T+ HSO
0

Ipu noBhiteHHo! TeMAepaType B pacreope OJ1eyMa GeH30aCYbho-
HOBasi KHCJAOTZ AREBPAILAeTCs B M-GeHSosaHCyIHPOHOBYIO KHCAOTY.

06 apeHcyabpoHOBbIX Kucaotax cM. ra. XVIIL

k) TanoresupoBanue. Deuson W €ro roMOJNOrH XJOpH-
pyiorcs, 6pOMUPYIOTCA H HORHPYIOTCA. Peakuns cHOCOOCTBYIOT KaTalsH-
3aTOpH, HOJSIPU3YIOUHE MOJIEKYJY rasjoreHa: TFaJOMeRHAM JKenesa,
AMOMHHHA H APYTHE KMCHOTH JIntonca, Whoraa X PEakUNOHHON cMeCH
NpoCTO NOBABAAIOT JKenesnble ONUJKH. Tax HOJYHAOT MOHOTAJOreH-

" GeH30JIb, AHTaJOTEHOEH30AN H NOJIHraJoref6eH30/ b

8% 85— -
+ Br—Br -+ FeBr; == @vnr—Br-pFeBrs == @’Br+fl’°5':4] .
Y .
Bt ) Br Br
— o-Kommcxc-—rO/ + HBr 2 o @ 1 ,Q/
. EBB!;
N . Br  Br

[MoapotHee o ranoreﬂapé‘f-xax cM. ra. VIIIL 2.2
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2. Bangnue aamecTHTeNell HA peakuHOHHYI0O cnOCOGHOCTL Gensonbe
HOro Koaslia B HA COOTHOLIEHHE H3OMEPHOTO COCTARA NPOAVKTA PEAKUMH,
Kugernueckue HCeleoBAHHS NOKA3HBAIOT CUAbHENWCE BAHSHUE eK~
TpOHHAX 3hexTos (7, - M) 3amecTuTeNelt Ha CKOPOCTH peakuult u Ha
COOTEOILIEHHE B NPOAYKTAX PeakuHu 0-, M- H 7-H30MEPOB. ITO WO~
CTpUpYOT AaHBbe Ta6n, 17 n 18. B Taba. 17 npuseseEw 3HaveHus or-
HocuTesieHOH ckopocta GpoMupoeanusa C¢HyX -+Bry—BrC¢H X +-HBr,

Tabsuya 17. OTHOCHTEALHAR CKOPOCTH GPOMHPOBAHHN TROHIBOKHBIX
6eH30NA, G-KORCTZHTH B AMEKTpounbie 3(QheKTnr 3amecTureded

X
ITapameTpt peakunu

R samactatuxed H CH, OCH, | N(CH,) ci NO,
OrHocuTeanHas { 3.102 10? §.1018 0,1 2.10-~¢
CEOPOCTH
.a;‘ 0 —0,3 —0,6 -~-1,7 -0,1 -+0,78
SnexTpounnfi s¢- +1 —1 —1 -1 —1
ekt +M +M +M +M —M

B Taba. 18 npuBeNeH H30MEPHHA COCTaB NPOJAYKTOB HHTPOBABHA

nponsBopHuX Gensona CyHX-+HNO;-—~O,NCH, X +H.0

Tabauye 18. Conepranue 0-, & H -H3OMEPOB B HPOAYKTAX
HRTPOBANAHA MPON3BOAHHNIX Genlona, %

X
Hsomep
CH, (CH,;),C OCH, cl NO,
opmo- 58,5 16 44 29,5 6,0
Mema- 4,5 11,5 2 1 93,5
napa- 37 72,5 54 69,5 0,5

3aMeCTHTeNH ¢ CHIbHHIM 3JIeKTPOHOAOHOPHBIM akpexrToM (+M)
M BECbMA HESHAYHTE/NLHLIM AKLENTOPHbIM HHAYKLHOHEBM 3S(GdheKToM
(—7) [OCH,, N(CH,) ] pesko ysennuupaior ckopocTs peakumH. o-
HOpHHF 3peKT aToMOB TaJOreHoB BCJAEACTBHE CHJAbHOrO -—7-adbexTa
OKa3piBaeT HeGOJBINOE BAHSHHE HAa CKOPOCTb PeakuuH, Hutporpynma
COBCEM NACCHBHPYeET GeHSOABHOE KOJbLLO,

B cnydae 3AeKTPOHOZIOHOPHEIX SaMeCTHTeNeH B NPOLYKTaX PeakiuHn
BOKHO GHTb 66,7 % o-usoMepa (uMeiorca fsa o-nmodoxenus) B 33,3%
n-usoMepa. Ho Takoe cooTHOUIeHHe HHKOrAA HE AOCTHIAETCA — O0-U30-
. Mepa BCerAa MeHblle. 310 o6bACHAETCA KaK crepuyueckKaMH SbderTamu
{npocTpaHcTBeREOS OTTANKHBAHAE, 0pmo-9bdeKT), TaK B MEKTPOHHLMH
(B o-moviokeHAM cHJBHee AgfictByeT —7-adxbext). Opmo-3hdEKT oco-
GerHo sipko Buaex Ha npuMepax X=CH; u (CH,),C (ta6a. 18).
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B cayuae 3/1eKTpOHOAKUENTOPHOTO 3aMECTHTENA B NPOTYKIax peax-
Y npeobafiaeT #-13oMep.

PeaknuoHHYIO COOCOBHOCTD B 0, M+ M n-TIOJIOKEHUAX XapaKTepH3y-
10T hakmopamy napyuawroli cxopocnu (PIIC), KQrophe PacCUHTHBAIOT
ACXO/A H3 CKOPOCTEH peakuuil 0, M- H n-3aMEIIEHHA [0 OTHOUCHHIO K
He3aMellleHHOMY G2H304Y. .

Yem Gouse GIIC a8 0- B n- # MeHbIIE AN KH-NONOXKEHUA, TEM
Gonee peruoceseKTABHa paruEs. HO CENeRTHBHOCT 3ameueHus 3a-
BUCHT TaKXK€ O AKTHBHOCTH pearenra. UeM Goabiie aKTHBHOCTL pea-
TeHTa, TeM MeHBIIe CEeJEeKTHBHOCTH H HA00OPOT. 3T0 HAMIOCTPAPYETCS
npumepamn GPOMHPOBAHHS TONYoAa GPOMOM mmepa 67%, m-n30Me-
pa 0,3%) u wusonponunuposanus Toayoaa (CH,),CHCI+AICl, (n-
usomepa 46%, s-uaomepa 26%). Peakuna H3oNPONHAHPOBAHUA HMEET
HH3KYIO CE&/IEKTHBHOCTD, TAK KAK PEAaTeRT aKTHBHKIA, a METHAbHAS Ipy -
Na nokaswBaer BecsMa cAalbili +M-adderT.

B peakuuax 31eKTPopHJBHOIO 3aMEUICHHA NepemieTaercs oYeHb
MHOTO PasiHYHEX AeAcTBYIOUMX (aKTOPOB, KOTOpHE onpexeasior 06-
HYIO CKOPOCTh PeaKIiHH B COOTHOIIEHHE 0-, #- U N-A30MEPOB.

3. Peakunm romoaoros GeBzoia ¢ yuacTHeM Gokosol uenn. B Takue
PEAKUMH BCTYNAET YIVIEPOAHBI aToM, KOTOPHIA HENOCPENCTBEHHO CBsl-
3aH ¢ GeHsoJBbHHM LukJoM. OOCKYBC 3TH peakuyd# HOCAT CBOGOXHOpA-
IHKaJbHBI Xapaktep (raloreHHpoBaHHe, oKAcKeHHe). [TpoMexyTounol
yacTHLiell ABRAAETCH CBOCOAHHIY PajUKaa GeH3HAbHOTO THNa (GeH3uab-
HLIR pafguKaa), B KOTOPOM HECNapeHHKH 3/eKTPOH 3HAYUTEAbHO Ae/0-
Ka/Ju30BaH BCACACTBHE CONPKCHUS:

/\/,CH,. N CH,

Jl +R.—| |  +rH
A X/ .
BeHsuabHBIA pagrkal NMPHHALISKUT K CcTaGUAH3HPOBAHHBIM CBOGOA-

HEM pafukanaM. [lpubaKeHHble 3HaYeHHs ILTOTHOCTH HECHapeHHOTro
SJIEKTPOHA NMPHBEAEHH Ha CXEME.
Bpemst xu3uu GenauabHOro pafHkana Goablue,
0143¢) 957¢)  yeM OGHUHBLIX ANKUJALHKIX pagukayoB. [Io crabuae-
#CHi LOCTH OB CPaBHHM ¢ ALTHISHHM pajukaioM. Peak-
' ‘nau B GOKOBOM UENH HHHUUHPYIOTCA HarpepaHueM,
0143¢) 0143¢) ocpellleHHeM, BOOABKAMH BeINECTB, PeHEPUPYIOMHX
’ cBOOOAHBIE PAAAKAJN. :
Tak, xJopuposaEwe H GpoMupOBaHye B GOKOBOH IemH ToJayona
OCYLIECTBAAETCA TIPH HArpeBaHUH U WHTEHCUBHOM OCBELISHHH:

A CH ./ CHiCl
(" +Cly — JI +Cls
N

N /C s N /CH,
Cli 4 u —_ | J +4-HCl n 1. 1.
N N
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CroGonnpie GeH3ILABHEIE PAAHKAIH JMErKO PearupyiorT ¢ KHCAOPOROM
¢ o6pa3oBaHHeM THAPONEPOKCHAHLIX PAAHKAaJIOB, THAPONEPOKCHICE M
NPOAYKTOB HX RaNbHERALICro NPEBPAIleHIIA — a/bjern10B H KapGOHOBHX
KHCJOT:

/M N
| +0w( )I
N/

CH;—~0—0. /\/CHQ-—O-O—H
-—

J e

3TH NpOUECCH OKHCMAEHHA MOryT OHTh KaTaAH3MPOBAaHH COASMH
METAAIOB NepeMeHHoH BaAEHTHOCTH.

Okucitende TaKHMH OKHCAHTENAMH, KaK JAMXPOMAT, NepMaHrasar,
NPHBOIMT K 00Pa20BAHHIO KAPGOHOBHIX KHCTIOT:

o s
rJ KMnO, "

N/ \COOH

COOH

4. Peaxunn npucoeruHeHHs. BeH30a 1 ero roMoaorn FnApUpyioTes
TPYAHO, NPH NOBHIUIEHHHIX TEMNEPATYPE M JABJEHUH 1 B MPHCYTCTBHU
KaTanu3aropoB THAPHPOBaHHA, HAaNpHMED NOPHCTOro HHKeNd, TaK
HAa3hLIBAEMOrQ Hiixeaa Penes:

2 180 °C
(Jomts( )
N

B peaguuu ruapHpoBaHUAl YAAeTCA BHIZENHTb TOABKO KOHEUHEIR
TPOAYKT — LUMKJOTeKcal. BhiiesuTh NPOMENKYTOUHLIE NPORYKTHI (1K~
JIOTEKCAHEHRl, NHKJOTeKCeH) He yaeTcs, TaK KaK OHH THAPUPYIOTCS
GricTpee, yeM GeH3oJ. DT0 03HAYaeT, YTO NPUCOSAHHEHHE BOAOPOJA K
CTaGUNLHOR COMpsiKEHHON On-3NeKTPOHHON cucTeMe GeH3osa Tpefyer
Go/bllle SHEPTHH, YeM NPHCOENHHEHHE K UAKJIOAJKAAHeHaM H UMKJIO-
aJdKeHaM.

Ilpn ruppupoBanun GeHsona Buzaensercs okovio 208 xJIx/Moan
(renstora ruApPHPOBAaNHA), a NPH THAPHPOBAHHH LHKJIOrekceda — 120
k[lx/Moan, Pasniua B Tem1orax rHAPHPOBAHUA TPeX W30JHPOBAHHHIX
IBOHHLIX cBA3eH H OeHsosa cocrapaser 3-120—208=152 kIx/Mob.
Hs sroro MOXHO ciennath BHIBOJ, YTO MOJIEKyJa GeH3o/a uMeeT 3Hep-
raio crabuansanuy oxono 150 kJx/moms {cp. ra. VI.A.3).

Xnop npucoegunsercad K GeH3QAY OpPH HHTEHCHRHOM OCBElLe-
HHH, Jaydme Bcero Y®-usayuennem, Brepmrie 3Ty peakuuio npu
CTOAHHH pacrbopa XJyopa B GeH3oqe HA COJHEYHOM CBeTy HaGmioxan
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M. ®apageit ( 1826):

(s (Y ‘
o’ _

\q

O NpOCTPaHCTREHHOM CTPOEHHH M HCHOJL3OBAHHHM IeKCaXJOPUIKIO-
rexcasa cM. ra. VILG.

Benson u ero roMOJIOTH DPHCOSANHSIOT 030H, NPH 3TOM 00pasyioT-
€A HCKNIOYNHTEILHO B3DRIBYATHIE TPHOIOHHAH, THADPOAH3OM KOTOPHIX
NOAVYAIOT AMKADGOHU.TEHEE CoeaHHeHHS (AHAABLETH ] TJHOKCANb, KeTo-
aJbJeTHAb) H APOXYKTHL HX OKHCIEHHA — KapGOHOBBIE KIC/OTEL:

0/ \ - -
' \ }: \ H.0
+ 30; —» g | ——t cl'u-o , No =
Q |
o5 /cu—o\ >c1~t/°
0 /cu
No
0 0 0 0
x # % &
— 3 C—=C7 + H, 0, C—C + 3H,0
R A
FaoKcak RABCTERAR KKCIOTA

5. doroxumuueckas Hiomepusauus. [Ipn Y®-o6nydennn Genaoma
06pasyioTca HeCTAGH/ILHLIE 6aAeKMNble U30Mepbt, TEFKO NPEBpalioLIlie-
cq cHoBa B GeH3ou:

©—~©""m N

ﬁnwm m 0}-
(,,pmpo-cklll! &mn") mmuﬁrvra,)

§. BA)KHERIUIWE TNPEACTABHTENH

dyanyecKue KOHCTAHTH HEKOTOPHIX BaXXHEAMHX nNpeacTasurenck OuLIi
npuBefeHs B Ta0a. 15. Huke paccMoTpeHH IaBHbIE METOAER HX MOJY-
YeHHA H NPAKTHYECKOe HCHOJb3OBAHHE.

Benaon — uaubonee WHPOKO npuMmetsiomuiics apen. I'nasHbiM ne-
TOYHUKOM 6eH30/1a ABJAIOTCA NPOAYKTH CYXOR NEPEeroHKM KaMeHHOro
yrag. Fs ApyrHX MeToNoB MOXKHO YNOMAHYTh AECTHAPOLUKAHIAUHIO
TeKCaHa 7 JeMETHAMPOBaHHE TONYOJAa H KcHaoNoB. Tak, B arMoohepe
BOROpoAa npu Temneparype 500...700 °C u naenennn 4...6 MIla (40...
60 at™) TOTyON M KcuJoAkl o0pa3yloT 6eH30a ¥ MeTad.
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XnopSenronst

H (pmnopurcnu)
TlonmMepst, é No, NH,
Kpacutenm, ‘— + CH,CC ©/ —
gz:rwa‘r:ae ‘-—1

auewu

JieKAPCTROHHBIO Hnon Kpacwrems,
DpeilapaTs: f cl, . JekapcTBeHHiys
. ST v Dpenaparsy
HJC\ H, § g'?
2
CH,~CH=CH, 0 Hy/Ni O O:
Kymon
XanposakTaM
. ’ C\,"(o lo,fnr.
Crnrernyeckoe
@/CH-CH, @/cn,cn, I
l — Tonuxpupt
ITosmcrupon,
CHHTETHYECKHA KAy TyR
m_rreuuonuil
aurnapua

Puc, 70. Tpuuenenue GeH3onaa

Benson wumpoxo Hcnolbiyercs B KayecTse pacTopureas. Ol pac-
TBOPAET MHUPH, KayuyK, PasfiHyuble Macna, HepTenpoAyKIb, JA2KH,
noguMepul. B 100 r 6ensona npn 26 °C pacreopsercs okono 0,05 r BoAH.
Berson ¢ ool ofpasyer aseoTponmHylo cmech, Kunsuryto npu 69,2°C
u cofiepikamyio 9% Boanl. IlostoMy GeH30M MOXKET ObTh HCIOIB30BaH
AN OTAEJECHHS BOABI OT PA3AHMYHBIX cMecelt (OTHZeneHHe BOALL BpH MO-
MOWH a3€OTPONHON MEPEroHKR).

BasixaHKe napos GeH30sAa NMOCTENEHHO BHISHIBACT OTPaBMeRue opra-
HuaMma.

OcHoBHOEe KOAHYeCTBO GeH30Ma HCROML3YETCH B KauecTBE HCXOM~
HOTO ChIPbfl JAIA XuMHuecKofl npoMunentoctH (pac. 70).

Tonyon WMUPOKO HCNMOAL3YETCA B XHMUIECKCH NPOMBIILTEHHOCTH,
Ero nonygaloT B3 MPOIYKTOB CyXoit NeperoHKH KaMeHHOro yriasi H B
npouecce AerypOUHKIH3ALUA renTana,

Tonyon npuMensiercss B KayecTBe PACTBOPHTE]S B nepepa6on<e
TiacTMace, B NMPOH3BOACTBE JIAKOB, THIOrPadiCKAX KpacoK, PEe3HHH 1
B KaYeCTBE KOMROWEHTA [N BLICOKOOKTaHOBMX OGoHauHoB. Ilpume-
HEHHE TOJY0Na B XHMHUECKOH MpoMbiLll eHHOCTH H3c6paKeno Ha puc. 71.

Kcunonm moayvaioT U3 MPOAYKTOB CyXOil 1eperoHKH KameHHoro
yras. Ilpu 3ToM BHIEAAIOT KCHAOMBLHYW (JPAaKUHIO, COCTOSWYIO H3
0-, M- H n-KCHJoNa H HeSoabwioft mpumecy 3tHAGeH3ona. [TopobHyo
CMECh KCHJOMOB TIOAYYAT B MpoHecce JCTHAPOUUKAN3AUHH GKTAHOB.

Cmecek H30MEPOB paspensaoT Ha YHCTHIC KCHI0N PAasHGHEMH METOJaMH,
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HanpIMep KpueTasaHsanuel NpyY HUIKUX TeMREpaTyPax ¢ nocae;tyiowed
ppaxunosiioli neperoHKoOM.
Cuech KeIaeaes HCNOAL3YIOT B KAYECTBE PACTEOPUTENT B JAKOKPa-

‘counodt NPOMLILLTCINIOCTI] B B KAYE€CTBE KOMIIOHEHTA BBICOHQOKTZIIORLIX

€ensnion.

B xuMHgeckoll NpoMblLIeHHOCT Hanbo.ee LIPPKO NPUMEHSIOT 0«
H A-KCHAQJA, 0cofeHHo AJA noJvdeHns GeH30.1MKXapOOHOBHX KHCIOT
{braaesnx kueaor — ra. XXXILB).

HutpoBransies KCHJICJIOB NOJAYMAKE HEXOAROE CRHIPLE AN TPOHN3EO]-
cTBa KpacitTenell; TPHHHTPOKCHNOAB! SIBASIOTCA B3PhIBYATHIMH BelliecT-
BaMH.

Kymon (nzonponwifenson) noayqaioT andKwiupoBaHueM Oeusona
nponenom. B #acroslee Bpeyisa KyMOJ RBJISETCS BAKHLIM NPOMEXKYTOY-
KBIM IPOOYKTOM AJA NMoJydeuHns eHosna U auetoHa H3 GeHaona h npo-
LEHA N0 KyMoanHoMy Metopy (ra. XV. B. 2

Crupen (BuuuaGen3oa) B HeGONLIINX KOMNYMECTBAX COAEPIKHTCA B
Kamennoyroabhcll cxone. B HacTofllee BpeMs CTHpoON MONYSaioT B
TIPOMEILIIEEHOCTH B GOabmNX MaciuTaGaX, TAABHBEIM 06pasoM nem.npa-
pobanieM 3ThaGen30J1a:

, CH;CH, y CH=CH,
r b [ it
" Ku’r.-’ J - Ha
N/ N

Cripoa npeacrapasier coboii GecuBeThVIO HKIIAKOCTh €O cnoeoﬁpaa-
HBIM 3anaxoM, T. na.— 30,6 °C, T. knn. 145,2°C.

0 .
= ’ H,Ct CHCl, C< o C<O
2
s ©/ TR Q/ oH
o SeH3AbAITHA 6%’;'13'5}:21
I A
\ % lﬂlmi ._

CH, ccon
SO ILARTOrexcanKapGoHOBAR
& V:ummiposmme iy
Kpacaremy, CH, . :
JIEKAPCIBCHHLIG e~ —
BEIICCTDR ¥
Kanposnaxra,
l CHHTETUYECKOQ
OKHG
NO,
M,
oM NO,

BIpbiga2Tnic BeIeCTER
Puc, 71 [puMerensue 10ayaia
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Crupon serko nonnMepHayercs ¢ o6paldoBaHdeM NOAHCTHPOAR —
IPEKNacHOro 3eKTPOH3OAALHOHHOTO MaTepHaia:

CeHs 4 CsHg
RCHsCH =CH; — c.;mW\
n-2

Cononimep crupona u GyTapsena — cHETeTHdeckul Kayuyk CKC:
‘ CeHls oHs
ACH; CH=CH; + nCH;=CH—-CH=CH; —»

#-1
B. MONKHHUKAHYUYECKHE APEHBI
€ U3OAHPOBAHHBIMH HHKJAMH

B nonnuukauvecknx apeHax 3TOr0 THNA GeH30bHME UHK/BL MOLYT
6biTh COSAMHEHHl HEMOCPEACTBEHHO (THII GU(EHHNA) KAH NPHCOSARHEHDI
BMECTO aTOMOB BOAOPOAA MeTaHa, 3TaHa # JpP.

1. BUGEHH

Monekyna GadeHHIa CONEPKHT /B2 GEHIOAbHHIX LHKAA, COCAUHEHHBX
0-CBA3bI0:

}' 2’1 1/2 . CHj
TN LT _7\ N '
=1 =t BC (>

sugennn [ 5 3, 4’-anmernabubenna

. MNonyuenue, Bad}en(x;.: 00pa3yerca BO BCeX PeAKIUAX, FA€ MOLyT
3HUKATD CBOGOAHBIE (heHHJbHHE PAAUKAIL, HATPHMED NPH HArPEBa-
HHH Gensona g0 700 °C: d ’ PINER TP pene

2CeH, £ CoHs— CeH+ H,y

Ipu narpeanus ranoreHGeH30M0B, O0COGEHHO HoxGeHzona, 7o

200. . .250 °C B mpucyTCTBHH MefOro ROPOuIKa o6pas
(peakuua Yaomana): P paayerca Guderun

9CoH,I + 2Cu 5 CoHy— CyHy - 2Cul :

B pearuun Yismana npomexyrounsivu NPOJYKTAMH MOTYT OHITH
MEAbopraHHgeckue coenHenns, Hanpumep C;H,Cu, u cBoSonubie dhe-
Hu/bHbie pagakans CsHy -,

6 B nocnexune rozm orkpuita cBoeoGpasHas pearkuHs IHMepH3amny
H304a U €ro roMo.10roB B NPUCYTCTBUM COAelt nandajius;

7™\
2£J-{- PdXy — //___>\—f__>\,+Pd,+2HX
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B 3m0it peaktuin BHReAfeTcA MeTalnuyeckufl naanapuii. Ecau wepes
PEaKBHOHHYIO CMeCh APOAYBAKT KHCAOPOA, BL{IGIECHHA NALAazHA He
NPOMCXOANAT, peredeptipyerca Pd**:

R R
q=5H0
1
R. R RI .

[Mo-BuaUMOMY, NPOMEXYTOYHBIMH HPOAYKTAMH B 3TOH peakunu As14-
I0TCA nama)mﬁopraﬂuqecxue CO€IHHEHHHA .

Pusnyeckue cBolictea M cTpoenHe. Budennn u ero romonori gs-
JAK0TCA GeCUBETHRIMH KPHCTALIAYECKHMH BeLIECTBaMU cO calalriM CBoe-
oSpasunM 3anmaxoM; T. nA. Gudennna 7t °C, 1. kun. 254 °C. Budennn
ABJAETCR TEPMHUYECKH OYEHDb YCTOFI‘IPIBNM COCHITHEHHEM.

PentreHorpaguveckue HCCASI0BAHHA CBHACTEJIBCTBYIOT O TOM, YTO
MONEKysa GHGeHuIa fBAfeTca NJAHapHOK: ofa HMKNaZ HAX0AATCA B
oaHoli nAoCKocTH:

a 7

Ecau B noaokenuax 2, 27, 6 u 6’ umerorcs 3aMecTHTeNH, TO BBUAY
NPOCTPAHCTBEHHAX NPENATCTBHHA NPOHCXOAUT fosopor no ceaAsw 1—17
H UMK/l OPUEHTHPYIOTCS NOYTH NEpPneHAuKy.IApHO. B cayuae pasauy-
HBIX 3aMecTHTeNel B PE3Y/ALTATE TAKOI'O JIOBOPOTA MOAEKYAA CTAKOBHT-
¢ xupancHoi. [To9TOMY BO3MOXKHO CYlIeCTBOBAKHE ABYX 2HAHTIIOME-
POB, 3€pKaJbHHX H30OMEPOB:

E B B B

A A A A

B papy 6udeHnna Takan H3oMEPHUS HA3LBAETCA amponudoiwpued.
Ecau arponusoMepsl NOAYYEHEl B YICTOM BHAE, OHU NOKA3LIBAIT ONTiH~
YECKYK aKTHBHOCTb (cM. Been. 6.12).

[Mepexon oAHOrC aTpomu3oMepa B APYrofl BPOHCXOAMT TOJBKO NIPH
BHICOKHX TEMNEpPATypax NOBOPOTOM NO CBA3H 1-—1°,

Xapakrepio, uTo MoJeKyaa GnpeHuna umeer Gogaee CONPAKEHHYIO
CHCTEMY, YeM GeH30J, NMO3TOMY 3J€KTPOHOJOHOPHBIC CBOHCTBA Y HEFO
fonee ApKO BHIpAXKEHB, SHEprus HoHuzauuH MeHbme (8,2 3B). 3ro
3HAUKTERbHO O6NEryaer Peakuun ¢ 3JMeKTPOPHIbHBIME PeareHTaMH.

Xumuueckue cpolicTea. Budenns aerko rajoreHupyercs, HuTpyer-
¢A H BCTYIaeT B ZPYTHe peakuuy 3JeKTpoduabROrO 3ameltenus. Faas-
HbIM 06pa3om peakuMu AAYT B NOJOXKeHHAX 4 h 4"

N\ /N HRO, ST /TN HNO,
Al >4 >N
4-unrpoluderun
— S\
- OZN _<\/6=>_< /_. NOa

4, 4’-misuTpobadenaa
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[pumenerne. BudeHHT WHPOKO NPHMEHACTCS B KAYECTBE TELN0HO-
CHI&AS AAsl OGOrPeBaHHs XHMIYECKHX PEAKTOPOR M APYTHX YCTaHOBOK.
OBL1YRO HCNOAB3YIOT cMech Gudenuaa ¢ AH(EHUTOBLIM 3DHPOM, TaK
HasnzaeMbilt daymeps. [Tponapogusie Gudennna (Hanpumep, SeH3NAH)
NPUMENAIOTCA B NPOU3BOACTBE KpacuTeqedl,

2, AUPEHMJIMETAH

B wMonekyne pudbennamerana fea GEH3ONLHEIX LKA COCAHHEHH!
C MeTHJAEHOBOfi Ipynnoii:

s ]
Jugenuaveran H ero NpoH3BOAHHE 06PA3YIOTCH B PEAKUHAX AMKH-

JMHpoBaHAs 1o MeToAy Dpunens — Kpadrea u3 Gensuaxqaopupa u Ges-
3042 HAH WX TOMOJOrOB:

R R2 ]
CI,C1 R K. K
AlICI,
+ T @/‘: + HCl
R! R B 3

Hubenuameran ¥ ero roMoJorH ABJAIOTCA GeCUBETHHIMU coefuHe-
HHAMH cO cnaCuHM npuATIHM 3anaxoM. JdudeHuaMeTan naasutes npu
26—27°C, a kunut npu 261—262 °C.

B orauune ot Gudenn.1a gudenaMeTaH COLEPIKHT NONHOCTEIO0 H30IH-
poBanHLle 6ex30AbHbie UHKAL, MEKIY HHMH HeT conpsaxenus. [To cgo-
HM XHMHYECKHUM CBOficTBam JudennaMeral HanoMHHaer Tonyon. O
JIETKO pearupyer ¢ 3JICKTPOPHABHLIMH peareHTaMu, NPH 3TOM B OCHOB-
Hom obpasylotest 4,4"-au3amemendsie 0 2,4,2°4’-yernipexsaMelieHHHe
JUPCHHIMET2HHL:

O e (YY) e
\\J \J —_-Po,_ N’/\\\J \J\NOS T{,_S(.)-:
NO, NO,
(70
OZN/\J N \No,

B nudexunMerane JErko OKHCAACTCA METHJCHOBAs TPYNNa, ApH
9TOM ofpasyercA HndeHHAKeTon (BeH30pEHOH):

I
r/~-[/CH*-\(\I\ o //\I/C\//\
Jo U U
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JudbesnaveTad BCNoab3yeTcs B KayecTse L00aBKH K PACTBOPHTENSNM
B NaKOKPaCcCUHOH 1pOMNIICHEOTH, @ TaKKe /I OTAYIUKH Mull.

3. TPHU®EHWIMETAH

TpudernaMeral ABAKETCH TPH2AMEMEHBRM METAHOM 3 CONICPIKHT TDH
H30.IMPOBAHHEIX OEH30/bBHIX LEHKJA

H

IS

Tloaysator 'rpnqjel-ummerali peakuueit Ppupeas — Kpaprca u3
xnopodopma 1 Celdona: :

Cl

N by 2 (N Y g
37 __»4Ci—C—H (€__>-) catanc

— e

Tpiudenuavetan ofpasyer Geciseriiie KpHCTaIAH ¢ T. 1. 92,5 °C
n T. kun. 360 °C. '
.- Has tpudenunMetaa XxapakTepubl peakuun 3JeKTPOoPuIbHOro 3a-
MzUeHIIS B GEH30ILHBIX uMKJIax. Ho caMpMi UNTepecHuMU sIBASIOTCH
CAKIIH Y OEATPANLHOTO aToMa yriaepoja, ChAsaHine ¢ opasoBatueM
pechbMa CTabUIbEBIX KapGamnHosa, cBOGONHOTO pafHkana n KapOoka-
FIONA.
ITp# B3aHMOAEHCTBIHH C AMHJOM HATPHSA B PACTBOPE XKHIKOrO aMm!-
aKa 06pasyercA TpHdeHHAMETaHHI-HOH (KPACHOrO 11BeTa), MPOHCXOAKT
wonnzauua cessw C—H: :

——

- pkaﬁ —

(<=>\—-)3CH +Na:lH, —— (¢__5—),C~Na* +NH,
HecmoTtps Ha TO YTO LEHTPANBHLIR YIACPOAHBA aTOM B aHHOHE Ha-

XOAHTCA B COCTOfIHMH Sp2-THOPHAW3AUMR, Bee TPH OEH30ALHHIX HHUKJAA

B OIIHOﬁ NJAOCKOCTH PasMECTHTRCA HE MOIr'yT, TaK KakK MelaeT oTTanku-

BaHHE 0-aTOMOB BOJAOpPOXA. Benzonbupe IIMKABR BLIBEpHYTH H3 IJIOCKO-

cth #a 30. . 40° (CTPYKTYpPA $BO3AYIIHOIO BHHTAM):

6_.
8-
&Yy &=
‘¢~ 5
6'_ 6 F.
5
P
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Tpudenunmeran nerko oxucaserca A0 TPHGOHUAMETAHONA M TaANO-
TeHApYeTCa AC TPHOECHHATANOreHMETAHOB:
RI(/7>") c—oH
N b — —_
oa— 2 Bry //-—-\
s (\. / _)ac-_ Br
St peakuHH OCYIIECTBIANTCA NO CBOGOAHOPAIHKANLHOMY MeXa-
HEnaMy. CROGONHER panBkad TPHOSHANMETH, NPHHAMICKHT K CTabHAH-
3HpOBAHHEIM CPOGONHEM pajrkanam. HauGonee mpocto ero regepupo-

BaTb M3 TpueHHAXAOpMETaHna H meTaanos (Zn, Na):
(TN . SN
2 (\\=____/—)3C—-Cl-,-2n —2 (</=>_)sc.+2nc1,

Tpudennamerna-painkan Kearoro upera. B pacteope oH cymmecr-
ByeT B PaBHOBECHH €O CBOMM auMepoM. Brnepewle ofpazosatme 3toro
_pamukana zabmonan 8 1900 r. M. Tombepr, 1 310 Goin nepBHA cayuaii
NOAYYEHHA OTHOCHTENHHO CTAGHILHOrO CBOGOAHOTO pajuKana.

B paBrosecnoii cMecm pactsopa cymectsyer 3—5% cBOGORHOrO
TPHOERHHAMETHA-DA/lUKaNA, OH PearHpyeT ¢ KHCAOPOAOM H obpasyer
TEPOKCHA, pearnpyer ¢ ROAOM M obpasyeT TpupeHHIHOAMETAH.

Hdonroe Bpems cYRTaTH, YTO APA AMMEPHU3ALHH TPHMEHHAMETHIA
ofipasyerca rekcadeHUNITAH:

2(<;>\—-)‘C- = {3—)3C—-C(—\/<;\\) s

Teneps ycTanosneno, 4To aumMep MMeeT coBeplIEHHO Apyroe CTpoeHdAe:

PRV
O b

I'Io'-annnmouy H3-3a {pOCTPAHCTBEHHLIX 3aTpyAHeHHA obpasoBaHue
TeKCaheHHAITaHA MANOBEPOATHO, W AHMEPU3AUUA OCYUIECTBAACTCH C
yuacTHEM OQHOrC aToMa yraepona GeH30NLHOrO [MUKAA B A-TIOAOKEHHN.

Cra6uausaunio TPHDCHHAIMETHAA BR3LIBAET 3HAYHTE/LHAR ACN0Ka-
JMu3alua HecnapenHoro JACKTPOHAL

56)

———

50
=0 0
30 %) )

c 0%
18] 0 5
3¢}

50
200

TpudeHHAMETAN-KATHOR  (KPAcHO-OpAHIKEBOTO UBETa) 00pa3yerca
npH HOHH3ALMH TPHPERHAXAOpMeTaHa (pactBop B KUAKOM SOg ApU-
cyrersre AlCl) ung TpadeHsaMeTanona (PACTBOP B KOHUCHTPHPOBAKHON
H,S0,): .

727 XN — 2 -— N + =
(¢_>-)c—ct+acy=({_> ),CHaCy .

77N\ (N -
(./__/\/-—-)ac-—OH-_[-HgSO, — (./__\,_)scmso, +-H;0
TpudeHHAMETHA-KATHOH HMeeT GOAbUIYIO COMPSKEHHYIO CHCTEMY

. H BCNEICTBHE 3TOrQ MPOHCXOAHT 3HAYHTEJbHAA ACAOKANH32UHA RO.10-

}KUTETLHOrO 3apsia, KaTHOH B ONpefeNeHHEIX YCAOBHAX ABIACTCA CTa-
GunbHOM qacTHiE!. .

3%

C oot TpadeHHAMeTHI-KaTHOH 00pasyer Tpu(eHRNIMETaHON.

IMpakTiueckoe NpHMEHEHHE B KaUeCTBe HCXOMHOrO AAs OPTaHHYEeCKO-
ro CHHTE3a HAUNH TPHPEHHAXJIODPMETaH, TPHPEHH/IMETAHON, a TaKKe
rpudernametunrerpadropbopar (CeH,)C*BF;.

Boabliioe apaueHHe HMEIOT KPACHTENH HA OCHOBe TpH(pEHHAMETaHa
(ra. XXX.5).

B. TOAAUHMKAAYECKHE APEHDI
C KORJAEHCUPOBAHH bIMH I\HKJAMH

CyllecTByeT TPH OCHOBHBIX THNA KOBAEHCHPOBANHBIX CHCTEM:
a) AuHeliHO KOHASHCHPOBAHHLIE ITHK/ALL:

rﬁ/\ '//\/\/\ Ef\r\/\/‘j /‘l\/ﬁ/ﬁ/'\\'/\
NN X/ \//\/j \) \/J\/J 7 \J NN\ \/J
Hadraany | anTpaNeH TéTpauew - DEHTAUCH
6) aHTyAAPHO KOHAGHCHPOBAHHHIC I\FIKJIbE:
4

(T //\|/j~ //\“/\/
/\J /\/LJ\// /\/L '

7\ /"‘-\/J
O Qo )

dennuTpen XpH3ER nnyex
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B) NePIKOIAEHCHPOBANNBIE KR
INY, NN

l\ \/) /\L./\.#\

000

VAVEA VANV AVANEAVAYE

S UL
nhpen nepuaex HOPOHEH

Hoanuuxaugeckie apens ¢ KOHACHCHPOBAHHGIMH LHKAANH 6}(’;’1}1’!‘
paccMorpelisl MO OTASAbHMM THIIAM.

1. HAGTAJIMH

Brepehie Ha(TAaTHH H30AHPORAH M3 NPOIYKTOB CYXOH MEPEroHKH Ka-
MEHHOrO YIJist B BHJe GeCHBETHHIX KPIICTAMIOB COCBOCOGPAsiIbIM 3a714-
XOM. )ﬂepnbm CTpyKTypHYIO dopMyay sadrasnna uanucan K. Ipede
(1866).

1. H3omepHa B HOMEHKNATYPA. YTJepORHKIE aTOMbl B MOJIeKyJe Ha-
(p‘ra.*mna HEeOAH!IaKOBbLI; B Hell UMeioTCA YeThIpe OAHHAKOBHNX o-10J10Ke-
HHR M ueThlpe f-monoxkKeHus:

o & 8§ 1
g/\/\ﬁ Y Y ANA T
(0L L)

\VAN NN
& 73 b 4
Moryr ObiTh ABa MOHO3aMeUIHHEIX HadTaminal
CH;
A PN, O

%J \/J NN
C-METHA- f-MeTHnpadTaNAH
sadrante

DuszameleHHslX HapTaNUHOB ¢ OJUHAKOBLIMU 3AMECTHTENSAME MOJKeT
OLiTh AeCATL.

2. Meroau noayvennf. [aBHLIM HCTOYHHKOM Hadraiuna aARIfeTCH
KAMEHHOYIroAhHAA CMOJA. HszsecTret MeTOAH HETHAPOUMKAH3AIHAI aN-
kaHoB Cjp—Ciq, B pe3yALTATe YEro MOAYYAIOTCS HA(DTANUH H €ro romo-
JIOrH.

3. dun3uyeckde cpoiicTea # npupona ceaseil. Hadraanu n ero ro-
MoaorH (taéa. 19) npeacTaBasior co6oil GecuBeTHHE BEIECTBa CO CBOe-
ofpa3HBiM HENPHATHLIM 3aNaxX0oM.

PenTrenorpaduyeckie H 3IeKTPOHOrpapHYCCKRE AAHHLIE CBUAETENE-
CTBYIOT O TOM, UTO MofleKysa RadTanuna nJaHapHa, o6a ukKaa ofiHHa-

KOBH!, HO JAJHHBI cBs3eit pazawunel. Ha puc. 72 npuBeicHH JanHumie, »

noAy4eHAkEe METOZ0M 3aekTpomorpadun (1981).
202

L T

Tabauya 19. Temniepatypa MNARNCHHA H KROSHHS
HAGTAIHHA ¥ HEKOTOPMX €0 roMoJOron

Coeureniie T. na., *C T. kun., <C
. ;
Hadrranun 80 218
(aergo Bo3romzeTcs}
© l-MerHaHAPTANHH —22 241
2-MeTunnadbrainmni 32 241
2,6-Jumeruanadranun 110 261 -

ConpsixerHYIO T-3MEKTPOHHYIO CHCTEMY RadTaIUHA MOKHO XapaKTe-
pu3oBath pacweramu 1o Merogy MO Xiokkens. Ha puc. 73 u 74 npuse-
ACHUI AHATPaMMa BSHeprerHYecCKHX YPOBHEH H HEKOTOPHIe KBAHTOBO-
XHMIMECKHE NapaMerphi. DHEprus mN-31eKTPoHOB HadraanHa FE=
=102+ 13,6848; sneprus nenokanuzaunn AEZ®"=3 684 .

SHeprua UHKAMYECKON AeNOKaNU3audy HadraauHa NOAy4eHa cpae-
HEeHWeM ¢ O-AUBHHHNGEH30/I0M, H OH2 OKa3piBaercs MeHbllle, 9eM Anf

-23- pp——
Y 3 S —

G — = —--—- - .

. :tt Es =« +06188

B E; e+t B

28 b Iy E, = +13008

N £ —a+1688

» El- =¢+2,3033

Puc, 72. IDaunet épaszeft
(um) B EBaneuTHLle YraW
B MoJeKkyxe naprTaanna JAHA

Piu:. 73. Jflnarpamua anep.
reTRueeRx VpoBHe#l Hadra-

¥ ;(B3IMO) ¥ (HCMO) .

109 0809 s g
Py 0,691 o2 b“%
" 0,0691 _ &

nopaaox m-cagieit p

Pyc. 74, OnroanexTponHas NIOTHOCTD BO (POHTAILHEX OpOHIANAX RadTamuna
N nOpAROK f-cBA3CH '

Gensona: AL« 2en-—(3,844 . 310 osnayaer, 4yr0 O6pa3OBaHUE KO-
AeHCHPOBAHHOH CHCTEMBI U3 ABYX LHKJ/OB J1aeT MEHBLURTL BLILTPLILI 2Hep-
rHit, H B peakuusax Jerye 6yjer HATH NPHCOSIHHEHNE H OPEBPAMIEHde
cucteMbl HadTaaHila B CHCTEMY AHM3aMeLIeHHOro 6eHzona.

Dueprus B3MO raranuua s3pauHTeNbHO BHe, YeM s GeH30aa,
4TO CBHJETEeALCTBYET 06 YBeNAYEHUR 3/CKTPOHOROHOPHHWX CBOHCTB
(311=28,13 3B). Pacnpegeaciie NJIOTHOCTH 37exTponoB B B3MO 1
HCMO nokasbiBaet, uTo HauGoniee yA3BUMbIM MeCTOM HadTanuna Asan
€TC Q-NIOJIOKEHNRE, .
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.

- CBOHCTBA, YeM AnfA GeH30/1a H €r0 [OMOJIOTOR, IO3TOMY

‘B Monekyne HadranuHa m-cBA3H Gonee Jloxamrsoag,:’éé g‘:"ai 6::(;
30ji€, €CTh Pa3HHila B AIHHAX CBA3EH H p,,. l'loe‘romye @): paBj
npuMedeHHe obbMHBIX CTPYKTYPHBIX dopmyn Kexkyss :

seNcelee

a s

MHorza sctpestaioresi CTPYKTYPHBIE (OPMYJIB! (d) ’:1 (‘25 Oxuako
cnocol Ranycauus (6) ManoonpaBiaH, TaK Kak MOﬂgi(ﬁng"MMq;Tx";a
HHKZK He MoxeT OBITh HACHTHRUIIMPORAHA KaK ABe ne?? cre
MbI Gensosna.

4. Xumuuecxue ceoiicTea, a) Jlnsa uadranuna mn“aﬂﬂb;p : ae:rlel H :
3aMeuleH Hsl NPH BIAUMOLCACTBHH ¢ 3MeKTPOGHA® erg r& ol o;{gn-
MH, KOTOPHE TIPOXOAAT JeT4e, yeM B cayuae Gensona Py *
B T0 Xe BpeMs JIerde NpoTeKaloT H peaKiun npHcoet’: :

¢KTPOHONOHOPHEIE
Jns napranusa xapakTepHh! Gojee CHIbHbIE 3T OH Kierue o6pasy-

eT s-KoMilleKchl. B orauune or GeHzona MoryT ofPasoBaThCs 122

O-KCMIIJIEKCA B NMOJIOkKeHHAX o u B:

+ ety <

TlosTOMy B peakiuMAX MOTYT NOy4aThes ABa H3oMepad” c;;fécog"c:"g
B peakH{AX 3aMeICHHA MOJYHAIOTCA G-USOMEpHI. 319 smex'ryn B
AQNHBIMH KBAHTOBO-XHMUMECKHX pacyeToR (mwioTHocT? POHOB |
B3MO Gompue ® a-nonomeﬂuns). Kpome Toro, GJ(OMH.%EKC ¢ sp™
TAGPHAHBIM YTIEPONHLIM ATOMOM B o.-NIONOKeHHH Goset CTAOMIEH. 170-
ITOMY peakuun B o-noJoxenuy uayt Guicrpee. Ho B 1¢ROTOPBIX gﬂyqa-
51X, €CHH PeaKiks o0paTHMa, NPH NOBLILEHHMX Temnef 21y PAX 00pasy-
erca P-usomep (cysibdwpopanue). Hnoraa poas urpael Torone PACTRO-
PHTEAD,

6) AnknnupoBanue u auﬂﬂn'poaaﬂg; uamognu-
Ha NPOHCXOAAT Jere, 4eM B c/Iyyae SeH3oaa B Toryond: - oPHHO 00pad-
3yeTcs cMech o~ U B-ametmenusix. Mx coortomenne MO L0 Peryanpo-
BaTh M3MEHEHHEM DACTBOPHTEN H TeMmmepatypol peakte . ..

B) HutpoBauue Jgerko mymec'lr)mng'rcnpaso‘"‘m RHCIOTOR:

- NO;

I\ N\ /\/‘\\
(2 (1

NN\ NN\
U-HETPO-
HadTaNUE
204

ITpu Gonee HHTEHCHBHOM HHTPOBAHUM noaydaercs cMech 1,53- u 1,8-nu-
HUTPOHAPTANHHOB. . .

r CyapdpupoBaHHe MPOHCXOAUT NPH PACTBOPLHUH Hadra-
JHHa B KOHUCHTPHPOBAHHON cepHOR KHCIOTE:

o
e NN
e~ =)
II J+H,SO4— N\
N Va
e mecr\!/\l/s"*‘“
NN

B 3aBHCHMOCTH OT TEMMNEPaTYPHl PEAKIHY NOMYHAIOTCA TPeHMyILIecT-
BEHHO WAH o-, uiH B-HadrannucyabhoHoBHE KHCAOTH. a-Hisomep mpH
HarpeBaNuH B CepHOll KHC/IOTE MOXKET mpeRpauiatecst B f-usomep. Ilpx

- 160 °C obpasyercs paBHOBECHas CMeChb ¢ [PEUMYLIECTBEHHHM COAEpkKa-

HHem f-u3oMmepa:
SO4H

[
(\/\ H,80. 160°C ZN\/X/ S0sH
X

NS — l\/"\//|
19% 81%

p-Haomep repmoaunamuyeckn Goaee crabuaed, ueM a&-uzoMmep, no-
sTOMy B 00paTHMON peakuuM cybdpHpoBaHHA HAPTAAMHA NPH BHICOKHX
TeMneparypax, rae AOCTHraeTcs TepMOofHHAMHYECKOe PaBHOBECHE, 60Mb-
e ofpasyercsi P-uzomepa (TepMOAHHAMAYECKH KOHTPONHPYEMasn peax-
uin). [lpu Gosnee HH3KHX TeMNiepaTypax TEpPMOAHHAMHYECKOS PaBHOBE-
cHe He JIOCTHraeTcst, NO3TOMY ROJy4aerca c-H3oMep, obpasoBaHue KOTo-
;I)Iolr'(lj3 n3,1)ler GricTpee (KHHETHUYECKH KOHTPOJHpYeMas peakuMa) (cM. rai.

A) TanorenHpoBaHHE NPOXOAHT OUYeHb JETKO:

Br
VAN 78VA-
[ " I-I-Br, — J +-HBr
NS N\ NN\
. o-6pode
HadTA HNH

B usbnirke Gpoma noayvsaercs cmecs 1,4- n 1,5-aubpomuadrantios.
Huorna npH rasoreHHpoBaHud o0pasyroTes TaKxke NPOAYKTHI NPHCOE-
ANHEHHS TaNoTeHa K JABORHBIM CBSIZAM ONHOrO GEH3OJBHOrO UHKAA.
e) Jna HadranHHA XapAKTEPHH TaKKe pe€aKUHH ApHcCOe-
AuHeHus Jlerye, gem k Geusony, NPUCOSAMHACTCS XJIOP, H3BECT-
Hbl peakuuH npHcoeauHenHa Opoma. Ilpu KaTaaWTHYECKOM THADHPO-
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paitil HadTaaIHHA JerKo NOAYYAETCH TeTparuzpoHadranny (TeTpannn).
~Janeneiiuiee ryApHpPOBAHKE 10 ASKAJHHA HAET B Gonee KECTKHX YC.10-
BUSIXS

AVAN H N r/\~/\ - (\/
|. I| | 300°C " ) -236‘:":-65-:8» J )

TeTRaANH RACRagJIH

*) Hadrannd oxucngeTcs pasanyauMu okucanTesisvu. Ko-
ieUHELIM TIPOAYKTOM OKHCJEHHST ABJARCTCA (ranenas KHCAOTa:

o
NN o, INCOH L
==~ e
XN\ X Neoon Y

o

OKHCACHIE OCYINECTBASIOT B NPOMBIIIVIEHHBIX MaclITalax B napoBod
¢haze Hajl OKCHAHBIMI KaTa/1H3aTOPaMH, cojepxamimu V4 Oy NpH NOBE-
enHofl Temnepatype. B sTHX ycnoBusx ofpasyiomascs (raaesas Kiic-
J6Ta npeBpautaercst Bo (ranesbli 2HTHAPHA.

5. {lpumeneane. Hadranuu ucnonpsyerca FAaBHeM ofpasom jas
POH3BOJCTBA (PTANEBOr0 AHTHAPHAA. [IPORYKTE! THAPNPOBAHHA Ha(Ta-
AHHA TeTpANlH H JEKANHH NPHMEHAIOTCS B Ka4€CTBE PAacTBOPHTENEH B
JaKoKpacoyno# npomulinensoct. Hadraauncyaspokucaotst u HUTPO-
HadTaNHH fABASIOTCS HCXOAHBIMI BELECTBAMN A NPOM3BOACTBA Kpa-
cuarenen.

2, AHTPALLEH

BriepBrle aHTPaueH BBIACIeH H3 KaMeHHOYroabHoW cMoant B 1832 r.
Jioma u Jlopanom. CTpykTyprasn gopmy.ia ¢ TpeMs KONAEHCHPOBAHHLI-
MH GeH3ONMbHBIMHM IHKIAMH Hanicada nosxe, B 1866 r.:

CH.
8 q 1 ) ‘ ? CH
;l//\“/\\\/\;; NN/ TR

6 ‘\\5/\}0//|\4//I3 ';J\/\//l

O-uNeTIAATTPA LEH

1. CanTeTHuecKue METONAL! NOMyverud. AHTPALEH H €ro TOMOMNOrH
MOTYT GLITb TIONYUYEHH B PEaKIIAX aJKHINPOBAHHA NO MeTony Ppie-
a9—Kpadrca npH HCNOAB30BAHAM B KayecTBE HCXOANBIX BEINECTB
GeH3ona, €ro TOMOJNIOroOB, TajAOTEHMETHANPOH3BOAHLIX, HOAHIAIO-
TeHaqkaHoB, Hanpumep, npa BsanMoneficTaun Gensuaxaopraa c AlCI,
obpasyerca antpaned. ITpoHCXOZHT anknnHpoRaHNe GEHSHAXJIOPHIA
Cel3HAXJIOPHIOM, IPOMERKYTOYHBM NPOAYKTOM sBiseTca 9,10-gururpo-
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auTpaleH, KOTOPHIR JErKo oTwenaser BOAOPOA:
CH:CI

07" e 1000) =000
-+ +|\
\J cne/N, ¢ k/\)kf NN
9, 10-geriapoaspancH anrpanent

AuTpanentl NonydaioT Takxe poccragopnennem 9,10-anrpaxmnona
u ero nponsBoguubx (ta. XXX .5).

"2, ®uanyeckue CBOHCTBA W CTPOHHE. AHTpalled W €ro TOMOROr'H
aBasoTcA GecuBETHLIMII HAH GJASAHO-KENTHIMH KPHUCTAMIHYECKUMH Be-
IECTBAMH ¢ BBICOKAMH TemnepatypaMH naapienns. Tak, amrtpanet
naasured npu 216,6 °C, a kunur npa 351 °C. Jas pactBopos u ocofio
YHCTHIX KPHCTaNNOB XapakTepHa (uosierosas payopecrenussa.

ABTpaneH HMeeT SIPKO BbIpRXKEHHHIE TEeKTPOHONOHOPHLIE CBOHCTBA
(®BU=7,4 3B).

JLAusHH cesisedt B MOJICKYNiaX aHTPALEHa H Aadrrannna GAusku. Yrau
Mexpy ceasamu 119—121°,

. Knal-rroao-xnmuqecxue pacyeTd NOKa3hi-
BaloT, 9To Hauboaeluas cBOCOAHAA Baflent-
HOCTb Ha0/ojaeTcs B BojoeHuax 9 u 10.
Tam 1 oxupaercs lauboneilad peakuHOHHAA
CTI0COBHOCTD.

3. Xumuueckue cBo#crBa. X HMHYECKHe CBOHCTBA aHTPaLeHa OTJH-
42i0TCA HEKOTOPbIMH OCOGeHHOCTAMK. Baaumonercraue ¢ anekTpodasn-
HBIMH peareutTaMH INPOXOAWT JIErKO, HO BO MHOTHX CIyyasnX cHa4yana
NOYUAIOTCA MPOAYKTH NpHcoeanHeHHA B nosoxeHuax 9 u 10. [pu na-
TPeBAHHM TPOAYKTh TPHCOBJHHEHHS INPEBPALIAIOTCA B 3aMEHICHHLIS
autpauensl. Jlng autpaneHa Gonee, uem a1a HadranuHa, XapakTepHH
peakiMH NPHCOEAHHEHHS.

Tpu ranoreHHpoOBaHHY MOLYT OWITH BEACHCHE NPOMEKYTOUHHE [pO-
Ayxtel apucoeausenns (X=Cl, Br):

H X
m = @ 10
‘
-
X

H

B pearuun cynediposanns npH noBHILEHHOH TeMNepatype yiaerca
noayuuTh 1- M 2-auTpauencyns(oHoBsle KHCHOTHI. [lepBHYHLIM NIposyK-
TOM ABJSETCA 9-anTPAUCHCYAL(OHOBAs KACIOTA, KOTOPAs NEPErpy -
poBBIBaETCA:

- SO.H

NN\ N rm/\/\/“%“

VYY) o
- + -
\/\/\J ‘ LJ\/\) \/\J\)

AnTpanen sierko THAPUPYeTcs BOAOPOAOM B NPHUCYTCTBHH KATaMH3A-
TOpa ¢ ofpa3zosanueM 9,10-purikipoasTpauena.
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CB0eo6pasHO NpHCOSNUHEHHE AKTHBHHIX AHeHOPUNOB (coeanneryit
¢ aKTHBHPOBaHHON ABO#iRON CBA3bIO), KOTAA aHTPALEH BLICTYNAeT B Ka-
yecTBe CONPARECHHOrO AMEHa:

0
o
9 .

aancuHOINR
aumEpsx

AHTpaNeH BecbMa Jerko oKHcasercs. [lepBuuHEIM NPORYKTOM OKIiC-
JleHHs KHCAOPOXOM NPH OCBElUIEHHH ABJIACTCA HeCTAOHJBLHBIA (OTGOK-
CHAL '

dotoo (4]
anwa::g 9,10~ anTpaxmion

KoHeunbM npofiyKToM okucaeHus asaferca 9,10-aHTpaxuxod. 1o xe
CORAMHEHHE OGpasyerTcs IpY OKHMC/JEHHH aHTpaUEeHa APYTHMH OKIICIH-
TeNAMHU.

Bce xnmuueckne cBoficTBa aHTpaleHa CBUACTENALCTBYIOT O TOM, UTO
3TO COEIMHEHHE BO MHOIOM 3HaYHTeNLHO OTVIHYAETCH OT HadTaaMHA M
TeM Gouiee oT GeH3ona. JIOMHHHDPYIOT peakuH NPUCOSAMHEHHS, CIILHO
YMEHbINEHA TEHAGHIHS PEreHEPHPOBATh B PEAKUHAX CONPAKEHHYIO CH-
CTeMy AHTpPALeHa.

Mipumenienne. AHTpaleH BHCOKOA YHCTOTH (COAepxRaHHe npuMece
Hixe 10-2%) usyqaerca KaK opraHHuecKufl NONYNPOBOAHMK H HOTOYYR-
CTBHTENbHBIH MaTepuan. Bonbinoe sHavenue umeer 9,10-aHTpaxuHon —
HCXOAHOe IAf BaXXHHX Kpacuteaed (rn. XXX.5).

3. ®EHAHTPEH

DeHaHTPEH, TaK Ke KaK H aHTPALEH, COAEPIRUTCH B KAMEHHOYTOAbRON
cMoNe W SIBAAETCA CTPYKTYPHBIM H30OMEPOM aRTPAUEHA C AHTYASPHO
KOHJ€HCHPOBAHHRIMH LHK/AaMH:

9 19
8 /T oN_ 1
T Nl TN,
—_ %
6 5 4 3
benasitpen

Jna MoHo3ameieHHHX (EeHAHTPEHOB CYWIECTBYET NATH M30MEPOB
(1-, 2-, 3-, 4- 1 9-), AnA MOHO3aMEILSHHKIX AHTPAlEHOB — TOAbKO TPH
(1-, 2- n 9. ) )
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1. CunreTivueckne MeTofu noisyuenns. Kpome nsBaeteHust u3 Ka-
MEHHOYTOJMLHOH CMOJIL M3BECTHB TAKMXE NYTH CHHTETHYECKOTO NOJNyve-
BMA Q)€HAHTPEHA W €rc rOMOJOroB. JTH METONhi OCHOBHIBAIOTCA HA Je-
THAPOUHKIH3AUNY 0,0’ -AHATKUAOHGEHUAOB KAl NPOH3BOAHKIX 1,2-AH-
(peBnIITARA: ¢

p ,CH: o CH g\ /=
AN TN T NN
\=/ \‘\=/ \2/ \__—/ +2H’

1, 2-pqudennnzran

2. duandeckye cpoiicTBa u crpoenne. GenanTped U €ro roMonoru
NpeAcTaBasIOT coboii GecuBeTHLIE KPHCTANAUYECKHE BellecTBa ¢ Goaee
HiI3KON TeMnepatypofi NAaBAEHHA H JY4eH pacTBOPHMOCTEIO, YeM COo-
OTBETCTBYIOlHE aHANOTH aHTpaueHa. Hanpuwep, deHaHTPER IJIABHTCA
npu 100 °C, a xunur npu 340 °C.

Monekyna denantpera sasagercs 6onee cTaGHAbHON, YeM MOJEKYMAa
anTpauena, pasuuua cocrapiser okoio 33 kxk/Monn. JloHopHEE CROA-
CTBa y (eHaHTpeHA BHIpAXKeHH caalee, yem y anTpaueHa (V=79
3B). 310 cCBUAETENBCTBYET O TOM, UTO B MOJIEKYJe (peHaHTPEHA OCYIECT-
BrAeTCsl Gosee SHauMTENbHOE B3aUMOAEACTBHE M-9j4€KTPOHOB (AeNOKa-
JII3auMR), ueM B MOMEKyJe aHTpaleHa.

3. XumnuyeckHe cpoficTBa. PeHaHTPEH JETrKo BCTYNMaeT B peakutid
C MMEKTPOPUNBLHAIMA peareHTaMu. PeakuuoHHas ¢nocoGHOCTD ¥ (eHaH-
TpeHa HUxe, yeM y anTpaneHa. HauGonee akTHBHRMH ABNAIOTCA MOAO-
skeruA 9 u 10, IpH 3TOM B OTHENBHNIX CYyYasX MOXHO BEUACAHTH NpO-
MEKYTOUHHE NPOAYKTH npucoeguHenna. Hanpuuep:

Br, }!P.

D= GD =G om

[Ipn xatanuTHyeckoM ruapupoBaHnk denanTpena noayvaerca 9,10-
aarpapodenanTpen. B Gosee XKeEeTKHX YCAOBHAX MOMXKET GLITH NONYHeH
TeTpajeKarnapapeHanTper (nepruapodeHanTpes). :

Okucaenne ¢eHaHTpeHa pasAMUHBIMH OKHCAHTENAMH TNPHBCAMT K
PeHAHTPEHXHBOHY:

: 0\ //0
N

S—
TN
Ne=/ =/

PeHanTPEeHXITHOH

4. lpumenenne. PeHanTper npuMeHdeTcst B KadecTBe HCXOAHOrO
CHIDHA B OPraHMYECKOM CHHTE3e, HaNpHMep AJs noayyeHds GeHaHTpeH-
X1JHOHA, KOTOPEIfl, B CBOIO O4epedb, NCNOAL3YETC AJIS CHHTE3a Kpacn-
Teseii. [Iponasopnbie deHaHTpeHa, OCOGRHHO YACTHYHO HJIH NOTHOCTHIO
I'IPHPOBAHHKE, - COREPKATCA B TPHPOAHHX BpPOAYKTaX (anKanoniH,
CTEPOHABI).
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4. TETPAHEH I NEHTALEH

Terpaues Brepsbie bl BuleNeH U3 TEXHHYECKOTO aHTPAICHA METOAOM
xpoMaTorpathun. 310 3HAYHT, YTO TeTpalueH B HeGONbIUNX KOAHYECTBAX
COXEPIKHTCSA B KAMEHHOYroABHOK cMofte. B eme MeHbIIHX KOJIHYeCTBax
TaM COAePWHUTCA NEHTALLH:

0 11 12 1 11 12 13 14 1
YT YT
VAN AV A & 9\)\//\/\//\43

7 6 B 4 8 7 6 b 4

TeTpaueH MeHTAUCH

1. Moayuenne. TeTpanen ¥ NEHTaUEH HOAYYAOT BOCCTAHOBASHUHEM
KUCNOPOACOACPKANHX NPOK3BOAHLIX — XHHOHOB H THAPOKCHCOCHHHE-
HUA. DTH COSAMHEHHS COOTBETCTBEHHO NOAYYAIOT Pas/iHUHBIMU peak-
LUUAMUA ALFITHDOBABHA H KORJACHCAIHH:

O OH 0
000=00 =000
N/ \hJ ?\// AYAVAVAV A4 \"/ 4
KI‘II‘R.KD((:))I(C n're::an;e 1 2] . TETPAUCHKHIIOR

KHHOII

2. dusHdecKHe CBOACTBA H CcThoeHHe. TeTpalled M NMeHTaueHd Bul-
JEARWOTCH CPEAIl APYruX aperoB cBoeoSpa3HhIMH (PH3NYECKHMH CBO{iCT-
Bayu. Terpaues ofpasyer XKelTo-OpalixkKeshle KPHCTAMILL ¢ TEMAEpaTy -
poit nnasaenus 357 °C, a neHTaueH — cuHe-QHONETOBHE KPHCTAMIH ¢
Temnepatypoft pasioxenns G6oaee 300 °C. Ilpn noHmKenHOM HaBaeHH#
TeTpaileH 4 NMEHTaleH BO3rOHSIIOTCS.

Tlpn yBenHueHHH 4YHCJA HHKIOB B JHHEHHO KOUAEHCHPOBAHULIX MO-
AHUMKAHYECKMX apeHaxX 3HAUHTeNHHO NMOHHXKAETCH KaK Heprus HOlu-
3aMui, TaK U SHEPrus Bo30YKJIeHUS MoAeKyn:. B rtaba. 20 npuse-
JeHH! SHAUCHHS SHEPrHH MOHM3ALMH H MaKCHMYMH HOIJIOWIEHHS, CO-

Tabauya 20, Inepruu MOHH3AUMY H ANHHNOBOAHOBOE
norJculeiie HEKOTOPHIX aPeHOA

[lornoiicwne, cOOTRETETRYIOWSS
napexofy Sy — &, (0—0)
CocguncHie BH, 3B

A, ¥ e
Beuaoa 9,24 261,5 ~200
Hadwannu 8,13 315 ~300
Autpauen 7.41 374 ~8 000
Tetpaneu 7.01 473 ~10000
Heutauen 6,64 580 ~12000
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CTRETCTBYIOMUE NEPEXORY B NEPBOE BOGYKALHHOR COCTORRME (S¢>S,).
§ Tab1uue NPHUBEIEH TOABKO OMMH H3 HECKOJIBKHX MAKCHMYMOB KGo.ae-
CarelbHOH CTPYKTYPHI nepexoia S,—S;, COOTBETCTEy WM TaK HA3LI-
racyiony 0—OQ-nepexoay.

3. XuMHYeCKHE CBOHCTBA R npuMeHerne. Biarogapsa nuskuM 2iep-
FHAM HORH2AUMH TETPALEH H NEHTALEH OYellb JIETKO PearnpyioT ¢ 3iCK-
TPOQHABILIME pearenTaMi, okucnsiores. Haubonee akTusnemiu noac-
wennaMu asasiorea 5, 6, 11, 12 ana terpauena u 6, 13 — gas neuta-
uena. Ilpn okHeAeHHH NoAydaloTes XUHOHBL.

Terpauen u nentanen MOryT Gbith HCONBIOBAKE! KK Opranigeckie
NOAYIPOBOANIKI H (POTORPOBOAHKKA. [IpH OCBCINEHHH TORKOI DaemKt
3THX BelIeCTB DPE3KO MOBLINACTCS NX 3ieKTPORPOBOIROCTD.

Fla ocrose TeTpanena cHHTe3HPYIOT €ro XalbKOTEHIPON3BOANBIE, KO-
TOphie HCNONB3YIOTCA ATA NOJAYYEHHS MATepPHaNOB C METANNUUECKO
HPOGOANMOCTEIO (OPraMiMeckKHX MeTaal10B):

}l(-— X
r"\. SN/ '\/\

A \4’\[//‘\/
—X

TEeTPAXAABKOrenOTeTPanSIIBr
(X=§, Se, Te)

5. NEPHKOHAEIICHPOBAHHBIE
TICANUMKIAHUYECKHME APEHEI

T1ABHEIM HCTOUHAKOM NOJYHEHIA NEPHKOKAEHCHPOBAHBEIX apeHoB #B-
AAeTea KavenHoyroabuas cMoa.

o 1 1. Muper apaserca GeclUBETHLIM KPUCTANIHYECKHM
0/\/7\2 peutectBoM ¢ T. na, 156 °C, ero pacTBOpH HMEIOT XapakK-
L Teprylo roay6yio dayopecueHIH. JHeprus HOHU3ALIIH

/NN nHpena (7,4 sB) seine, ueM Terpauena. .
I | W TInpen Aerko BCTynaer B peakilHd A1eKTPOQHABHOTO 3a-
AN NP MeleH A (HH1poBaHne, cyandupopattie, ranorernposa-
% une). flo XMmMuueckns cBoficTBaM NHpPeH HanOMHMaer
mpen naTaau, TOALKO MeeT GOALIIYI0 PEAKUMOUHYI0 CHC-
cobroctb. TIpH HHTPOBAHHH NOAYYAETCA |-HHTPONHDPEH, NPH OKUCIe-
B — 1,6-nHpeHxXuloN:

NOs . 0
(/\ aN r\' I\ ,f\/" |
’ l HNO, I ' 0] L ' ]
//\"/.\\\ - [/\[/ﬁ = m\ /T _
k/ o/ \J N \qJ \J

0
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[Tupen ABAAETCA HCXOAHBIM ChIpbeM JIJIsi CHHTE3a OPTraHHYecKHX
Kpacuteses.

AL 2. BeHOanupeH — BEIIECTBO JKEJATOTO IBETA C

T. 0. 179 °C. B HeGobIIHX KOJIUYECTBAX CONEPIKHTCA

B KaMeHHOYyroabHOH cmode. [ns Gensnupena xapak-

ININSNY qepuo cusibHoe (pH3HOJOTHYECKOR  JAEHCTBHE — OH

APHHAANEXHT K KAHLEePOTEHHB M COE€J H-

NSNS HeHHsaM, Bpi3biBagd 00pDa3cBAHUE 3J10KAYECTBEH-

Geusmupen HbIX omyxosefi, TJaBHBIM o6pa3oM paka Koxu. [lo-

RoOHbIE CBOHCTBA OOHAPYXXEHL H Y HEKOTOPBIX APYTHX NepUKOHACHCH-
pPOBAHHBLIX apeHoB.

2 3. HNepuaen npesncrapisier cofoi 30/0THCTO-Ke-

1 N Tble KpUCTaMIbl ¢ T. 0a. 274 °C. BrepBole Gbln  Bbi-

‘ JeJleH M3 KaMeHHOYTO/NbHOH cMoJibl. MoxkeT 6hITh HO-

//\,4 JaydYeH u3 1,8-aunonradTannHa HarpeBaHHEM B OpH-

CYTCTBUHM MeJH H/JH TEPMHYECKHM JeKapGOKCH/IMpO-
5 Banuem 3,4,9,10-nepunenterpakapGoHOBON  KHCJIOTHL.
[Tepunen sBaAeTCA CHABLHBIM 3J]€KTPOHOLOHOPOM, €ro
“7 sHeprua uonusauuu (7,0 sB) cpaBruma ¢ U rerpaue-
/ Ha. Jlerko BcTynaer B peakLMH ¢ 3/E€KTPODH.b-
nepien HbIMH peareHTamMu, oKucagercsa. [lo xXuMuueckum
CBOHCTBAM HanoMuHaeT HadrainH. [Ipy HHUTPOBaHMH uepu/eHa ToOYy-
yaercst 3,10-nunutponepusneH, npu oxucaeHHH — 3,10-nepuseHXHHOH.
[IponsBoanble nepuneHa ABAAIOTCA BaXKHBIMH OPraHMYECKHMH Kpa-
CUTE/ISIMH, B TOM YMC/E€ JIOMHHECLHDPYIOIHMH KpacuTeasaMH (IHUMHALL
NnepuseHTeTpakapOoOHOBOH KHCAOTHI).

I. CTABHJIbHOCTb UHKJHUYECKUX CONPAXEHHBIX CUCTEM
A MNOHATHE Ob APOMATHYHOCTH

M3 paccMOTpeHHOTO BEIle IKCNEpPUMEHTANbHOLO MaTepuania CJeyer,
YTO ISl IIECTHYIEHHBIX UHKJHYECKHX CHCTEM C TpeMsl JBOAHLIMH CBf-
3sMu (OeH30/1bHAS cHCTeMa) XapaKTepHa BbIJAIOLWIASACS CTaGU/AbHOCTS.
Tpyano mpoTekaioT peakuuu NPHCOEAHHEHHS, AOMHHHDYIOT CBOEOGPaA3-
Hple peakuuH samemeHus. [lostomy Takue coefMHeHHs! BHIJEJHIH B
0co0blfl Kjacc, 1aB MM HasBaHHE apomamuueckue yzaegodopodsi Uan
apomamudeckue coedunerus (HEKOTOpbIe COIMHEHHsT TAKOrO THNa 06/1a-
JAT APHATHHIM 3anaxoM). CTpyKTypHble ocoGeHHOCTH (CMcTeMa LuK-
JioreKcaTpHeHa) U ocofble XMMHYECKHe CBOJMCTBA (JIerKoe 3aMelleHue,
TPYAHOE HPHCOEJUHEHHE) CTa/lM HasbiBATb APOMAMUYECKUML CBOLCMBA-
Mu. BMOCNEACTBHH K apOMaTHYECKHM COEMHEHHAM MPHYHCIH/IH TaKKe
BCe MOJHUMK/IUYECKHE COEJMHEHHS C KOHISHCHPOBAHHBIMHM IHKJIAMH,
HECMOTpsl Ha TO, YTO HE BCE OHH OTBEUA/IH OCHOBHOMY TPeGOBAHMIO —
BCTYNATh TOJbKO B PEaKUUH 3aMEIleHHS.

a5 coennnenuit GeH30MbHOTO Psifia MOYTH BO BCEX PEaKIHAX XapakK-
TepHA TEHAEHIUs] COXPaHUTL THN (CHCTEMY LHKJOTeKCaTpHeHa), pere-
HEpHPOBATb CHCTEMY IMKJOTeKcaTpHeHa. JTa CHOCOOHOCThL K pereHepa-
LUM THHA YMEHbIIAETCA APH Nepexofe K MOJHIHMKJIMYECKHM CHCTeMaM
€ KOH/JCHCHPOBAaHHLIMH NMKJamH. OcoGeHHO pe3Ko 3To Habniofaercy
B Py JHHEHHO KOHJEHCHPOBAHHBIX COeAuHeHuH (HadTanuH->TeHTa-
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nen). Hamporns, Ans neplKOHAEHCHPOBAHHBIX apeHOB CMOCOGHOCTE K
perexepaniny CONpAXEHHON CHCTeMbl H3MEHAETC MEHbIUe 1 HAROMHHA-
€T mopejieHre CUCTeMbl HadTanuHa.

Boapuyto cTaGHABHOCTb CHCTEMBI LIUKJOTEKCaTpHeHna OGBACHHA
3. Xiokkenap B 1931 r. (ra. VIA.3). OcHoBbIBafACh Ha pe3yjbratax
KBAaHTOBO-XHMHMYECKHUX pPACUETOB, OH TMOKasa/j, YTo HPpH o0pa3oBanHi
UHKAMYECKHX 3AMKHYTHIX COMpSiMKEHHBIX CHCTEM TPOMCXOIHT UHKJIHYe-
CKas JeNoKanu3aluea -31eKTPOHOB, 4TO aeT 60/1bluoil BHIUIPLII 3Hep-
ruy (3Heprus JleJoKanu3alnm).

Jng NUKAHYECKUX COHNpPSKEHHBIX CHCTEM XapakTepHO ofpasoBaHiue
BRHPDOXJEHHBX opO6uTauaeil. XOKKelb npeinosarat, yTO
CTaGUIbHOCTh CHCTEMEl 32BUCHT TaKKe OT 3aloJHEeHHA 3THX opbuTaneii
snekTponamu. Pacyethl nokasanu, yTo Hau6o/ee CTAOUIbHbIE CHCTEMBI
HOJYYaroTCsl B TOM Clydae, ecii o6e CBA3LIBAMOULUE BLIPOXKICHHbIE OpOH-
Tand 3anosHeHsl (4m-3.1eKTpoHa). Kpome Toro, Kamaas uMkanyeckas
cHCTeMa MMeeT OfIHY HalGosee HH3KO PACHOJIOXKEHHYIO opbHTalb ¢ ABY-
Ma m-anekTponamu. Hexonn us atoro, Xrkkesp BnepBble chopryanpo-
BaJ MNPaBUJO CTAOHILHOCTH LHKJIHYECKUX COMPSXKEHHBIX CHCTEM.

Mpasuao X10KKeJAs TAaCUT, YTO CTaBUNbHBIMH ABAAIOTCA TaKue MHK-
JHYecKHe nyaHapHLe 3aMKHYTble CONPAMXEHHBIE CUCTEMbI, KOTOPHIE CO-
Iepxar B uukJe (4n-+2) m-31ekTpoHa, rie n=0,12 ...

TakuM oGpasoM, cTaOHIbHBIMU ABJMIOTCA LHMKJAHYECKHE [l1aHapHbBIE
conpsikenHbie cHereMnl ¢ n=2, 6, 10 u 14 n-371exTpoOHOB.

Crenyer oco60 06pATHTL BHHMAaHHE Ha TO, Y4TO NpaBuao XIOKKens
OTHOCUTCH TOIbKO K MOHOIMKJIHYECKUM CHCTEMAaM, NPH 3TOM OHI J0/XK-
bl GRITh MJIOCKEMH (CUEBHAHO, IIUKJ/IOAEKaneHTaeH He OyaeT cTtabianau-
POBaHHBLIM BBHAY HENJaHADHOCTH MOJIEKYJIbl, HECMOTPS HA NPHCYTCTBIE
ZIeCATH T-3J1eKTPOHOB). JIns NOMHUMKANYeCKHX cucTeM (HadbTanuw,
anTpaner, (JeHAHTPEH M Jp.) HET BHIPOXKAECHHBIX MOJEKY/SAPHBIX OpGH-
Tanell 0 HeT OOGMIUX NPABUJ JJIsi XapaKTepPUCTHKH cTabuibnocTti. Cpas-
HeHue CTa6UIBHOCTH 3THX apeHOB BO3MOXHO TOJLKO [10C/€ HPOBEAEHHA
pacyeToB JJIsl KaXKAOrO COEJMHEHHS B OTJeJbHOCTH.

Ha ocnose npaBuia XIOKKensi BAepBbie yAanoch 0ObACHUTL Ocofen-
HOCTH PEaK1HUOHHOM CnOocOGHOCTH H CTa6HJ]bHOCTb“apOMaTI/lqec!\'HX coe-
IMHeHn {1 GeH30JBHOTQ Psifa, a TaKXKe, ¢ HEKOTOPOH NOrPeIlHOCTbIO, 110-
JMIHKIHYECKUX COeJHHEHHH. _

Teoperuuecku Gul0 MOKa3aHO, YTO 3(XpeKT CTabuAM3ALHU NpUCYLL,
HE TOJbLKO CONpPSKEHHBIM LIECTHUJIEHHLIM CHCTEMAM, HO W TPeX-, YeThl-
pex-, NATH- H CEMHYJIEHHBIM COHPKEHHBIM CHCTEMAM, YHCJO TU-3/1€KT-
POHOB B KOTOPHIX CCOTBETCTBYeT npaBuy XIOKKens. BrnocaeacTsii Ta-
Kue coefiHentsa ObIM CHHTE3HPOBAHBL M noApobHOo nayyensl. Coennue-
HHsl TAKOTO THNA GBLTH HA3BAHBI HEOEH30UOHbIMIL (HEOEH30AbHbLIU) apO-
MAMUMECKUMY CUCTEMAMU. ) )

Ecau 4HC/O 7-3/IEKTPOHOB B LIUKJAHYECKOH COMNPAXKEHHOH cHCTeMe
He COOTBETCTBYET ApaBuNy XIOKKess, TO OObIYHO 3TH COEJHHEHHS Mano-
VCTOHYHBB (HATIPUMED, CHCTEMBI C 47-3EKTPOHAMMU, HUKAOOYTaNUeH).
Taxue cHCTEMBl HHOTJAA HA3LIBAIOT QHMUAPOMAMUYECKUMLL,

Ha puc. 75—79 npusejedsl ApHMepH TpeX-, YeThlpex-, NATH:,
LIEeCTH- H CEeMHWIEHHBIX CHCTEM C Pa3yiHYHBIM HHCJAOM T-3J€KTPOHOB,
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Puc. 75. Pacnonokense MO ¥ sHeprest ReNOKaTHIAOHN H NUKJIHYEC
KOt AeNORAANIAUMK TPEXTIEHKAX COUPAMKESHHBX CHCTEM

Luknobyrenavtn-ravaon  Iux1o6yramien HugnobyTemmun-nom
(,HeBenzonanan {.AHTHapOMaTIICCKAR™ {,Heberron 11an
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Puc. 76. Pacnonoxkenwe MO 1t SHepruft NerOKANH3AUMH & nmmnqecuoﬁ

AeROKANU3ALHM YEThIpEXYACHHNX CORPAXKEHHNX CHCTeM

. HOHHR ARTOMEHTARHCHILT  [{uRTOnCHTAIREIHA-HON
H“mm:::mﬁﬂ e n PasUkAE (.. neGenIoN AHast
(yanTApOMATIHECKAT apomMaTiyeckas
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Puc. 77. Pacnoaokesne MO u anepris AeloxkaaH3aung H nnmnqccxof_i_

ReAcKaAnN3anAyd HATHYICHHBIX CONPAKCHBEMX CHCTCM

Kamon-paguxan »ApOMaTHURECKad® AHHOH-DANKAT
Gen3om CHCTCMA ﬁen-wm
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Puc. 78, Pacnoaoxenne MO ¥ 2ReDrius ZCI0KaSHIARNE ¥ RUKAHYES-

KOil lenoXaJnaaunl WeCTHIICHERX CONpaAsKeHibIX CHCTEM
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Farnox Tponunus
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Puc. 79. Pacnonoxende MO u 3HeprUst Ae10KadH3aUMH U LHKIHYE-
CKOIT Jle1OKaJH3aLHH CeMHWIEHHBIX COMDPAMEHHBIX CHCTEM

AANB 3HEpPTHH OpOHTAJefl W 3HEPTHH JeJOKaJM3aUUA H HUKJINYECKOH
Jejoxanusanuu. Ha atux npumepax oTyeTiuBO ZEMOHCTPHPYETCA COAep-
Kanue npaBusa XIOKKesad.

[1aBHOH OCOGEHHOCTBIO LHKJIMYECKHX 3aMKHYTBHIX CONpPSMKEHHBIX
CHCTEM ABJSETCS HMX CTaGU/JbHOCThL, YTO OMNpEeAendercd UUKJIHYIeCKOi
nenokanusauueit s-snektpoHoB. [lostomy nauGosee TOYHO TakHe cu-
CTeMBI MOTYT GbITh OXapAKTepH30BAHBI 3HEPTHEll IHKIWYECKOH JesoKa-
Ju3aluu (pasHULEedl MeX1y PacYeTHHIMH SHEPTHSMH f-3/1eKTPOHOB LIHK-
JINYECcKO# ¥ aHAJOTHYHOM, HO HELIMKAHYeCcKOoi cuctembl) (em. ra. VILAL3).

ﬂ.ﬂﬂ paccMOTPEHHBIX CHCTEM ISHEPIHA UHKJIHYECKOH NeNOKaTH3aLHH

mensiercs B uatepaasie ot 1,18 f (karuon uukaonponenuaus) u 1,012 p
(6ensosn) na —0,472 B (unkaoSyranuen) u paxe go —0,82 p (uukno-
nponeHun-1oH). CoBepIIeHHO ICHO, YTO OTPHLATE/bHbIE 3HAYeHUs 3Hep-
ruyd 0603HAYAT KPaHHIO HECTaOUILHOCTD CHCTEMBI M, BO3MOXKHO, OIl-
PaBIBIBAIOT ONpeJe/IeHHe «aHTUapoMaTHdHOCTby. OJHAKO HMeloTCs 3Ha-
YeHES SHEPTUM LUKJWYECKOH NeJOKanM3alMd MeHblue B, HO Gosblue
0,2 . Kakue cucTeMBl CYHTaThb JAOCTATOYHO CTaOH/IH3UPOBAHHLIMU?
Hcxona n3 npasuna X0KKead, TAKUMH CHCTEMaMH MOTYT GBITb COMps-
JKEHHBI® LHUKJIUYeCKHe MOJIEKYJbl ¢ AFWWL Al —( 76 f3.

MsBected psAA HeOeH3OMIHBIX AaPOMATHUECKHX CHCTEM, OGMalaouiiix
crabuiiizauiell BCICACTBHE UMKJAMYECKOH JesoKanu3alHd, HarnpHumep
NpOH3B0JHbIE KaTHOHA UHKJonponeHwntus (eMm. ra. V.A), unkiaonexra-
Anenni-noHa (cM. ra1. V.B), karuona tponuaua (ra. V.J). Cunresnpo-
BaHb! aHHYJEHH ¢ 14 u 18 m-3/1€KTpOHAMH, KOTOpLIE BBISIBJASAIOT Xapak-
TeDHBIE A5l ApPOMATHYECKUX COENMHEHHH CHIHAABI APOTOHOB B CNEKTpaX
[TMP, HO cTabuabHOCTL HX MEHbINE BBHAY BHYTPUMOJIEKYJAAPHOrO OT-
TAAKIIBAHIA aTOMOB BOAOPOAA BHYTPH LMKJIA, YTO JEJNAET MOJEKYJy
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HenaaHapHOoIL:

[H]-a;m_\':{eﬂ [18] ~aHnyIeH

CrabunbHo#l ABJsIETCA TaKKe CB0806p83Haﬂ cuereMa H3 KOHACHCH-
POBaHHLIX LHKJOB UUKJIONCHTaAHEeHa H UHKJOrentarpueHa — a3yseH—
KpHUCTaNJVYeCKOe BeIEeCTBO CHHEro IBeTa:

O — A

Ho B 10 3Xe BpeMf CYIECTBYIOT LIUKIUYECKHE CONPSKEHHbIE CHCTEMBbI
¢ HeGOJIbIION 3Hepruell MUKIMYECKOH AeJOKATU3alud (Hanpumep, CBO-
6ojHble panuKagbl LUKAONEHTAAHEHM], LUKJIOTENTaTPURHU, HOH-Pa-

JIuKanpl Gersona). Cuurath JH HX apOMATHYECKHMH?

HOSTOMY HeOOXOANMO YTOUHHTH, YTO UMEHHO B HaCTOdAllee BpEMA
noapasyMmeBaetTcsd NoJx NOHATHEM «apPOMaTHYHOCTDLY. OgHo u3 onpenesie-

HHH CcJelyioliee: apoMaTHyYecKUi — 370 00Jafaloliuil XUMHYECKHMH

CBONCTBaMHU, aHAJIOTHYHBIMH cBoHcTBaM Gexsosia. Cudraercs, 4To UHK-
JIUecKasi MOJIEKYJa C CONMPSIIKEHHOH cHcTemofi CBA3el, yCTOAUUBOCTH
KOTOPO# 3HAYUTeNbHO GOJIblle, YeM YCTONYHBOCTD THIOTETUUECKOH KJac-
CHUECKOH CTPYKTYpPHI, 06/13a/]aeT apoMaTHYECKUM XapaKTepoM.

[To gpyromy onpeaeseHH0 apOMaTHYECKUMH ABJSIOTCA UMKIHYECKHE
COMpAMEHHBIE CHCTEMBl, KOTOpBIe (osiee CTabHJIbHBI, YeM AHAJOTUYHBIE
CONpPSAKEHHBIE CHCTEMBI C OTKPBITOH LENBIO, T. €. HMEKT JOCTATOYHO
GOJNBINYIO SHEPrHI0 IMK/JIMYECKOH IeJOKaNH3alHH Ii-3JEKTPOHOB.

B 3THX onpeneneHuax umelorcst npotuBopeuusi. He Bce craGuaunsu-
POBaHHbBIE LIMKJINUECKHE CHCTEMBl, HA3bIBAEMbIE APOMATHUECKUMH, 06.1a-
AT XUMHYECKMMH cBOHcTBamu OeH30/a, T. €. He BCe BCTYNAWT B pe-
aKUYH 3NeKTPOPUIBHOIO 3aMelieHu .

Takum o6pa3oM, NOHATHE «aPOMATHUYHOCTBY YKe JABHO MOTEPSIO
CBOE MEPBOHAYAILHOE 3HAUEHHE M Telleph NPHMEHSeTCs MO TPaadLHH
JJist yLOGHOTO U cyTyf0 KadecTBeHHOTO 0603HAYEHHST HEKOTOPHIX CHEIH-
(GHUYECKHX CBOHCTB [MK/JIMYECKUX CONPSIMKEHHBIX CHCTEM.

K NOHATHI) «apOMAaTHYECKHH» BIIOJHE NPUMEHUMA IMUTATA U3 KIHTH
JI. Kapposna «Anuca B cTpare uyiec»: «KoT 1icuesan oueHb MefjeHHo,
HAYHHAs C KOHUMKA XBCCTa M KOHuas YJbl6KOfi, KOTOpas OCTaBaTach

. €Ule HEROTOpOoE BpeMd NCCJIe TOro, KaK BCE OCTajJdbHOE CKPBLIOCH?.



Dynxguonansusie
IIPOU3BOAHEIE
YITIEBOZOPONOR
Fanoresnpoussoansie
YIIEROAOPOROB

HauGonee npocthiMi DPOR3BOAKEIME YI1€BOAOPOUOB fBIAKTCA Ta10-
TCHIPOLZBO/LIE, B KOTOPBIX OfHH KNI Gosee aTOMOB BOZOPOAA B yriie-
BOjOpoe 3amementl atomami ranorenos (F, Cl, Br, I).

HUneno ranoreHIPOH3BOAHAIX OYEHDL BEAHKO. ITO ONPEALSeTCa Pad-
H000pa3ueM caMHX YTACBOAOPOAOB, PaCloJOKEHHEM aTOMOB rajorema,
YiIC/IOM M THIIOM aTOMOB TrajoreHa.

B ocroBe kiaccurKaNH FATOTERNPOUIBOANKX YIIeBOAOPOZOB Je-
JRHT He LPHHAAJEXKHOCTL YIVIEBOLOPOAA X TOMY WJIH HHOMY Khaaccy, a
THIL aroMa YIjiepoja, ¢ KOTOPLIM CBI3aH aToM TajoreHa. B kaxkpott
TPYTINE MOKHO BHICTNTh MOAIPY NNk B 3aBHCHMOCTH OT CTPOSHHA Yrae-
BOROPOANOrO OCTAaTKa, MPHPOAB! Tad0TeHa H 4Nic/Ia aTOMOB rajoreHa.
B ocioBy sToit xnaccuduKauun NoACKena ruGprAM2AUNA YIAEPOAHOTQ
atoMa (sp®, sp* n sp) HIH, HHaue FOBOPS, NPOCTPAHCTBEHHOE PACNONO-
JKEHHE 3aMecTHTeNeH Yy 3TOro yIVIepOAHOIO aToMa (TeTpasapuueckuil,
TPHTORAABUEIR, JBrOHAJBHLIR). .

1. TaaorennpouzBognue co cBAsLo C (sp*)—rajoren:

R -
~
R-->C—
R *
(X=F, Cl, Br, I).
I1. Tasorennponssoanke co cBa3bio C(sp)—raioren:

R, R
N

C=
R Sx

I11. Faaorennponuseozapie co cBasbio C (sp)-—Tazoren:
R—C==C—X

2 rpynnot I‘E]..'IO]‘QI-III]JOHSBO}IHEIX 3HaYlITenNLHO pasnm{alo'mﬂ no
¢n3lYecKiM H OCOOHHO XHEMHUSCKHM CBONCTBAM, NOSTGMY TaKas KJaace
cudnianits BROJRC OflpaBjaina.
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B KaIacce raloreAnpOH3BOIHLIX  YIJIEBONOPOAOB  PacCMOTPHM
TaKXKe CheuHaTbHble HX MPOR3BOIHLIEC — [AJOHHEBbIE COENHHEHHA
[R—X+—RIY"-.

Faasa VIT
FAJIOTEHTPOM3BOHBIE THMA € (sp?) — X

1. KJACCHOUKALILIA U HOMEHKJATYPA

K ranorenRpoR3BONHbLIM yrneso,rz)opo;loa co cBaanto Csp?)}—X (Terpa-
JAPHUECKI yriepo] — ranored) NpHHARIEKaT: .

a) ranorenaakansl CH,, .1 X; CoHipra-nXmi X=F, Cl, Br, I;

6) ueprajorenankadsl CpXq,¢e:

B) TaJOreHHRK/I0a1Kank;
r) raJorenanKens ¢ aTOMOM I'4a/OréHa B 3aMecTHTeNe Y 3THEHOBOMH

CBSA3H >C= ’.
R \CnHQH'—X;
1) raJoresankyHbl ¢ aTOMOM F4JOTeHAa B 3aMECTHTENe Y aHETH/EHO-
poii cBasu R—C=C—C,Hy;—X;
€) ranoreHapeHsl ¢ aTOMOM rajaoreia B 60K0BO# Hend
Ar—CgHzn—X; Ar—CuHop i nXnm

B 0CHOBE Ha3BaiHA TAJOTEHYIVIEBOAOPONA JEKUT HasBaHue CaMod
ATNUHHOA HepasBeTBAEHHOA HenmH. ATOME! Yriepola HyMepyioT TaKuM
ofpazoM, YTOOH MEHBLINA JOKAHT MOMYUH SAMECTHUTEIS, KOTOpPEIL B
RA3BAHHH NHIUETCS NMEePBEIM, A caMH SaMECTHTeNH NMEepEYHC/AoTed B No-

psaaxe aJadaBHTa.
Llenb yr/iepoAHLIX ATOMOB B &JKeHaX H ajAKRHAX HYMEDYIOT TaK,

uToSH MeHbINHE JIOKAHTH HOJNYYMJH aTOMbl YIJIepofda KpaTHO# CcBA-
It

5 4 3 2 1
CH; —CH-—CH;—CH—CH,4 2-neTitA-4-XA0pBAHTAH
| I
Cl CH,
1 2 3 4 5 6
CH,—CH —CH—CH—CH—CH; 2-6pom-4-metna-5-grop-3-xaoprekcan
i [ :
Br Cl (.!.HQ J:
5 4 3 2 1
CH;—CH-—CH .—_(l‘,-—CHa
C.[’l CH,

2-MeT-4-xa0pnenTeN-2

1 2 34 4 5 . .
CICHas~ C =C—CH.CH.CI 1,E-aH XRCPIRUTIH-2
C,i1;—CHLCILLF 1-deun 1-2-4TopaTak
' Jlas HexoTopuX NpocTeRmny TaNCreHNpOH3BOIHEIX YIIeBOIOPONIOB
cexXpangioTes TaK¥ke HA3BaH#A, B OCHOBE KOTOPHIX JICKHT Ha3BaHHe
219.



yraesoaopOAHOro OCTaTKa:

CH,Cl METHAXIOPHE,
CH,I METHAUOANA
C,;HBr STHAGPOMHA
CH,Cl; MeTHIEHXJIOPTIA

QH;CH;CI GEH3RJIXAOPHA
C4H;CHCly; Gensuaunenxiopux
Jins HEKOTOPLIX TaNOr€HNPOU3BOAHBIX COXPAHAITCA TPHBHANBHLIE
Ha3BaHHA:
CHClz xaopodwopm
CHBr, GpodMopopm
CHlg HoxodopM
J\na RasBaHys DOJHOCTHIO TaJOTE€HHPOBAHHMIX YI/EBOAOPOAOE MC-
noas3yerca NpeprKe nep-:
CyFg nepdropstan
C,Cl; nepxaopnponai
I coemuuenua CCl, npuMeHsAeTcs HasBamiie TETpaxJopHI yriae-
POAA MJH HETHLIPEXXJOPHCTHI YIJAepox.

2, METOABI [OJYYEHHA

I‘anoreunponaaomme Yria€BoAOPOAOE IIOJAYYAlOT [MPAMBIM TaJOTr¢HH-~
posarmeu yrA€BOAOPOIOB, NPHCOSRHHCHHEM TaJIONr¢HOB HJH TaJjJorexH-
BOJOPONOB K aNKeHaM H ai1KHHaM, 3aMellleHHeM KHCJOPOACOAePXKaMHX
HJH APYTHX Tpynn Ha ranored (puc. 80).

1. Ipamoe ranorennpoanne. TakuM METOLOM MOXHO NOJYUHTD
¢rop-, xJnop- H Gpomyraesogopoasl. [lpsmoe noiupopanue ankaHoB
HeH3ReCTHO, MeTOoALl ABJIANITCA APOMBILLIEHHBIMH.

RCH=CH, RCH,CH, RCHCH,
o N o om
R?H_?Hz R(i:HCHJ M"x‘ R(I:HCH’
f—
X X : Y
i
’ X PX; 6SF,)
RCCH
R—+—CH, T
X
RC=CH
R(E,H--CHz CH
X

Puc. 80. TeneTAGECKAa CARSD MEKAY yr.-lenonoponauh KX TAJIOTeH»
NPOH3BORMEIMA M EHCJOPOICOLEPIKAIMHME COENHHEHEANH

a) PropupoBanHue @Prop ¢ aTKaHaMH Dearupyer oHeHdb
SHEPTHYHO, AaXe CO BIPLIBOM, TaK KaK B PEAKUHH Bhife]seTcd MHOIO
Ten10TH (Goabwas sneprus obpasopanus ceasw C—F). Ilostomy Ras
¢ropupopanua aTkaHOB HEOGXOAMME clleUHaNbHBIE YCI0BHA: pasbasae-
Hue ¢Topa 230TOM, ClelHaIbHas KOHCTPYKLHSA DEaKTOPOB ¢ MeAHLIMH
ceTKauu Aaa 3phEeKTHBHOTO OTBOLA TEMMNPTH PEaKIlHH.

B xavectpe nepeHOCYHKOB (hropa HCMOABb3YIOT (TOPHAN METANIOB
(CoF., AgF, MuoF,). ITog zeitcteuem ¢ropa oGpasyiores CoF,, AgFs,
MnF., xoropuie dropupyior ankanel. Tak nmoayuaior nepdropasikamsi:

F,; CoF.
anZn $+2 : > Cnpzn-n

Peaxuus nporekaer no csoGogHOpagHKaNbHOMY MEXaHU3MY.

6) Xaopuposa#ue AJKaHE pearHpyior ¢ XJI0pOM Nox Aei-
cTBHEM Y®-o0aydenus HAH TEMNepaTypel, KOTOPLIE HHHLHHEPYIOT o6pa-
30BaHHe CBOGOAHLIX PAIHKANOB., DKBHMOJNAPHAS CMech MeTaHa M XJIopa
npu Y®-o6ayuennn Moxer p3puBatbes. [Tostomy XsopHpoBaHHe ocy-
WECTBASIOT B H3ObITKE anKaHa B peaktopax ¢ Y®-raunama. Peakuns
nporekaer no CBOGOAHOPAAMKANLHOMY MeXaHuaMmy. XJopHpoBaRHE
ANIKaHOB NPOHCXORHT MOCTENEHHO:

CuHza g 4Cle 25 CoHyg 1 Cl 4+ HCL 22 % CyHaaCla -+ 2HCI -_. KT oA

Han6oaee nerko 3amemaercs BOJOPOAHLIA aTOM ¥ TPETHYHOTO 4TO~
Ma yraepopa, TpyAsee — y BTOpHYHoro aroMa {cm. 1. 1. 4). .

Ilpu xsopHpOBaHUN aJTKEHOB XNOp OGBMHO NPHCOSIHHACTCA K ABOMH-
Hoft cBsi3n, Tonbko npu 400. . .600 °C ocymectsasiercsa aNHIbHOE XJ10-
pupoBanue (cm. ra. 11.4.8).

XnoprpoBaHHe aAKMJIAPEHOB NPH HATPEBAHHH H OCBEUlEHHH MNpH-
BOAMT K XJopaakuaaperam (cm. ra. VI. A, 4.3).

B) BpomMmupoBaunue [lpavoe SGpomipoBane mm mpocreil-
LMX aNKaHOB (MeTaH, raH) ManoxapakrepHo. B npusuiune 6poMupoBa-
HHE BO3MOMKHO IPH HATPEBAHHH M HHTEHCHBHOM ofaydeHHH YP-cBeTOM.
Jlna rexcaHa, renraHa H APYTHX aJIKaHOB BO3MOXHO OpoMHpOBaHHe
NpH KHOAYEHHH M OCBElleHHH:

CnH!rn-: oy C aHan o Br+ HBr

3amemeuﬂb1e aJIKeHH [MOABEPraioTes aANHJALHOMY OGPOMHPOBAHHIO
NpH B3aAMOZEHCTBHH CO CNIENHAJbHLIMH GPOMUPYIOUUMH peareéHTaMH
B NPHCYTCTBHH HHULHATOPOB — CBOGOAHEIX paguxanos {cMm. ra. II.
4.8).

R—CH=CH~-—-CHiR’ R—CH=CH—CHR’

[
. Br

BpomupoBanne ankuIapeHOB NPR HarpeBaduu ¥ OCBEIEHIH NpH-
BOAHT K 00pa3oBaHuI¢ GpOMaJKHIapEHOB ¢ aroMaM# 6poMa B GOKOBO#
LemH.

2. Peakuus NPHCOETWHEHHA K AJNRKEHAM W adwdAaM. B peaxupax
HpHCOSKIHE s TaNoreHOBOACPOAOB H TAJNOTCHOB MOAYYAOT pPasaluHbe
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rajorexnposapoAnste yraesogopozos (ra. I1. 4.2; ra. IV. 4.1):
R—CH =CHjz-} H= X ~> R CH-—CHjy
X:
R—CH—CIl4
X

X X
|

R—C=CH+4H—X — R——CI:=CH, BXR—C-CH4

X, X
X X
X, ([' I
—R—C==CH —>R-—C—-C—H
I * [t
X X X

Peakuuy uayt xopouo, ecay X==Cl, Br sau I. Ecin X,=1,, ¢xo.
pocThb- peakitiy ymeubuiaerca, [Ipucoeannenie ¢ropa cBa2ano ¢ wLIAC,
JeneM GOABIIONO KOMMYECTBA TEMVIOTH, NOITOMY MPOLECC TOVAUQ Yil-
paBaseM. [Ipucoeninentie HF B OOBIMHLIX YCAOBHAX HE NAET XOPOWLNX
pesyasraToB. Ilo-BuaRMOMY, 510 CBSI3aHO © Maaofl HYKACODHALLOCTHIO

nona HFs, Koroprii obumuo o6pasyerca B pacreopax HF. Ilpu ucnoib-

30Baunn Bespoprolt HF Habmoznawrca Jyduiye BLIXOABE. .
3. Peaxuun samemensn. Hcnoansys passpudHble rajJorencopepxa-
liii{e PeareHTH, MOKIIO 3aMellaTh IaJOTeHOM aTOM KHCAOPOAA B aibie-
rugax, kerounax, rpynny —OH B KapGoHOBHX KHCIOTaX H CRHpPTAaX.
UssecTHrl TAKKe PEAKIMH 3aMElUeiHg OHOrO aTOMA raJorena Apyri.
a)[TlonyueHHne ralOTeANPOU3IBOAHBIX H3 CHilp-
T 0 B. 3aMelilenne THAPOKCAALROM FPYNILi KA aTroM rajoreHa B Cmip-
TAX TNPOHCXOANT NOA JAeHCTBHEM TAJOT€HOBOAOPOAOB HAH TANOTERHEOB
dbochopa u ceput (ra. XIV. A, 4}
RCH;—OH+H—X == RCH,— X + H,0

K shdekTHBHEIM pearentas otsocsres PCl,, POCls, PCl;, PBr,,
PBi;, Pl;, SOCly. Onent appexTuBbvM peareHToM ¢ropnposanns Ae-
asercs SF,: :

2RCH,OH -}-SF, — 2RCH,F + 805+ 2HF
6) IoNyueHHE ranOoreHNPOH3BOAHBX H3 AJbe

AerufoB H KeTOoHoB. I1a peakins ocyilleCIBAsSeTcA NPH Aeficr-
Bt PCl;, PBrs nau SF, npy RarpeBannn:

0 X
3 "
R—C—R!4PX; -5 R—{Z-—R‘-I-POXs
X
0 F
EI t& é
R—C—RL4-SF, Y5 R~ : —R1.J- S0F,
F

R*— 70 H, Alk, Ar,
292

B) [TlonyuennHeraporeanpous3BoaAHKXHA Kap-
GonoBHX KMcao1. KapSehoswte RHCAOTH noa Aeficrsuent PCi
HDEBPAWAIOTCH B XAOPAHTHAPHAH (AUBAXJICPHAR}), KOTOPHIE TOJLKO
Npy Karpesasiu LOX AaBAeHHEM AJIOT TPHXJOPNPOH3BOANEE: :

O roy O ks
R—-C7/ ~—=3R—Cl —LR—CCly
NOH gy

INpn narpesamys KapfioucBux Kucaor ¢ SF, nox flasnernem o6pasy-

101c8 TPHGTOPIPOK3BOANHE: '

G
7 SFep. .CF
R -—C\OI.[ "”b Cra

rrBearMHOe 3aMemenye aTOMOB raaorena s
rasorennpor3asoAn kX [lpn B3auMOAEHCTRUY FATOTEHNPO-
H3BOAHKX C radoTeliaaM| MeTaMI0B OAHH aToM [aJIOreHa 3aMeilaeTca
Iia Apyroit:

RCH,— X 4NatX'~ 2 RCHy— X'+ Na*X~=

Peakura ofpathiMa H NPH H3MEUEHHH KOHUEHTPAnnH TranoreHun-
HOHOB MOMeT OmTb HanpaeneHa B cropoHy RCH.X uam RCH.X’.

[MpaKkTRYECKH peaKins NPHMeHAeTCA AJA NOAYYeHHs HON- H ¢rop-
nponsBogHLX. B TocaemMeM cayyae WCROJb3YIOT (TOPHIAB CYPHMEL.
Hau6oaee yacro npumensuor cMeck SbF, v SbClg:

SbF, + SbCl,
RCHCl — =% RCH,—F
SBbF,+ ShCl SbF 4+ ShCI ShF ,+SbCl;
RCCl, 22728 RCFCly ——mm " RCF,Cl —————-+ RCF,

4. TanorenmerTHaupoBaHue apenos. Ilpy oBpaboTxe apeHoB ¢op-
MaJjibAeTHIOM H ranoreupao;[oponom B NOPUCYTCTBHH KaTaJaH3aTOpPOB
(AiCly, ZnCla) monydaiorcs ranoreRMeTHAAPEHbL:

H ZaCl,
Ac—H +H>C=O+ HX — -+ Ar—CHyX + Hi0  (X=Ci, Br)

Peaxulm ranoreume'mnnposaﬂuﬂ ABAACTCA €lne OJHHM DPHUMEPOM
S.TCKT[)O(I)HJIBHOI‘O 3aMeltierna y ymepo;mom atoMa apeHa. S.WEKTPO-
(bii.’l&HbIM peaFeIlTOM B STOﬁ peammu SIBJAAETCA T H,HPOKCHMGTHJI-KE!THOH:
H. 8+ 8- 8+ 8- H_ + H\ OH

"G —X =2 M C—OH— >/

SO O R = X T T M

3, ®[13MYECKHE CBOICTBA H CTPOEHHE

1. Pusnueckne KOHCTARTH. I ANOreHNpOu3BOHEIE YIIEBOROPOAOB NRPH
ofbiunofl TeMnepaType ABASKIOTCA CeCUBETHHIMH Ta3aMH WJR XKHIAROCTs-
MH CO CBOEOOPA3HAKM CaJKoBaTLIM 3anmaxoM. B Boje HepacTBOpHMEL K B
60 TOIIHICTBE CIyyaes TAxenee ee, HexoTopHe NOAMTaNorenonpor3sol-
Huie ofpasylorT 6ecuperible KPHCTAMIb, MOAHIOACOSIUHEHUA HMEOT
HeATYIO OKpacKy (Taba. 21).
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Tabruya 21. ®U3nyeckMe KOHCTAHTH HEKOTOPHLIX rajoreHnpoM3BOAHBIX

YriaeBoJ0OpoRoB
20 20

TanorenyriepoAopos, T. na., °C T. kun., °C d4 ny
CH,F —141,8 —78,6 | 0,877 (—=79°C)

CH,ClI —141,8 —24,2 0,991 (~25+C)

CH3Br —-93,6 3,6 |1,732(0°C) ‘

CHjl —66,1 42,5 (2,279 . 1,5293 .
CH4CH,F —.143,2 —37,7 {0,816 (=37°C) |1,3057 (—10°C)
CH,CH,CI —138,7 12,2 10,921 (0°C)

CH4CH,Br —119 38,2 11,430 1,4239

CH3CH,lI —108,5 72,2 11,993 1,5222

Ciit, 163 _zaség

CHF;, — 16 —82,¢ .

CF, —184 —128 1,96 (—184°C)

CH,Cl, —96,7 40,1 |1,326 1,4237

CHCl,4 —63,5 61,3 |1,488 1,4455

CCl, —922.8 76,8 1,595 1,4603
CH,ls 5,0 180 3,325 1,7425 (15 °C)

CHIy 119 210 (pasa.) 4,008 1,800

CH,CH,CH.CI —122,8 47,2 " 10,892 11,3886

CH, =CHCH,CI —136,4 44,6 0,938 1,4154

CH = CCH,CI 65 1,045

CsH,CH,CI —48,0 179,83 |1,103 1,5405

Temnepatypa KHNeHHsl BO3PACTAET NPH YBEIHUCHHH aTOMHOH Macchl
ra/oreHa M yuc/a aToMOB rajioreHa n yriaepoja. MckiouenneM sB/IdoT-
cd noJudropankausl, Temneparypa KHIEHHS KOTODHIX YMEHhIUAeTCH
IPH YBEJIMYEHHH uMcJa atoMoB (ropa B MOJEKyJe HoJudropasxana.
Ato 03Hayaer, YyTo NPH YBEJIHYEHHH YHCJAA aTOMOB (hTOpa yMeHbluaerTcs

MEXMOJIEKYAApHoe B3aumopeficrere. [IpH yBeJHUYEHHH aTOMHOro pa-

Juyca rajoreHa yBeJHUYHBAIOTCA KO3(xbHIMEHTH! NPEJOMJICHHH CBeTa.
3TO CBHAETENLCTBYET 00 YBEeJHYEHHH TN0/J1APH3YEMOCTH IPH Iepexoje
OT (PTOPNPOU3BOAHEIX K HOANPOH3BO/HKIM,

2. XapaxkTepucTHKa CRs3el yriaepoj — TajoreH. OHEPrus CBA3H
Yr/iepof — rajoreH B GOJIbIIOH Mepe 3aBHCHT OT THIA rajiorena. Hau-
Gonee mpouHoH sBasercs cAsb C—F, camoii cna6oit — csizp C—1.

Tabauya 22. Hexkotopeie xapakTepuctuku ceasu C(sp?}—X

JAMnonbHb{t MOMERT W
DHeprua Aas CH,—X Haunna Koranentuuiil | Pedpai-
Ceoa3b CBA3H, CBSI3H, pajHyc Tano- | uHSA CB-
KK/ MOonB HM resa, HM 3eit R
Korem 1030 D
C—F 443 6,05 1,81 0,141 0,060 1,44
C—Cl 328 6,11 1,83 0,176 0,099 6,51
C—Br 279 5,98 1,79 0,191 0,114 9,38
c—1 240 5,34 1,60 0,210 0,136 14,01

Monora/ioreHnpon3BoiHbEIe HMEIOT 3HAUHTENBHBIE JHOOJBHLIE MO-
MeHTHI (Tabi1. 22), 4TO CBHETENLCTBYET O MOJISAPHOCTH CBA3H YIJIEPOL —
rajqored. AToM rafnoreHa uMmeer GOJbIIYIO 3JIEKTPOOTPHUIATENLHOCTD,
yeM YIJIepOoJHEI aToM, HOSTOMY MJIOTHOCTH 3JIEKTPOHOB CABHIAETCS B
CTOPOHY raJjoreHa M Ha aroMax TMNOSIBIATCA 3PPEeKTUBHBIE 3apPHbi:

8+ §- 8+ [
CH4—Cl RCH, —Br

[

Heo6xoauMo 06paTHTh BHHMAHME HA OTCYTCTBHE MPOMOPLEHCHA b-
HOCTH MEXKAY JHMIIOJbLHBIMH MOMEHTAMH U 3JEKTPOOTPHUATEIbHOCT AMH
aromoB rajnorena. Jlna cesasu C—F caenoBano 6 0XugaTh 66JbIIEr0O
JIN0JbHOTO MOMEHTa., Ha JHNOAbHBII MOMEHT BJUSET He TOJAbKO BeaH-
UHHA 3JIEKTPOOTPHUATENBHOCTH (MHAYKTUBHBIN JAMTIONL), HO M HaJHule
HeNoJe/IeHHbX N1ap 3JEKTPOHOB U CPABHHTEJNBHbBIE KOBAJEHTHBIE pajny-
Chl 4TOMOB.

Pedppaxuns xapakrepusyer mosaspHu3yeMocTh CBsA3el, KOTOpas yse-
anyuBaercst B paay or C—F go C—I.

Beudy monapHOCTH 3TOH CBSI3H YIJIEPOHKIE aTOM TpHOBpETaeT He-
KOTOPLIf 37eKTpoduabuell xapaktep. Henojpenennsie mape! 3,1€KTPOHOB
Ha atoMe rajoreHa MpHAAIT MOJEKyJaM caadble 3JeKTPOHOAOHOpPHEIE

CBOHCTBA, OCOGEHHO HOXMAaM. DHeprusi MOHH3aUMH A1 R—I: okoso
9,5 3B, anma R—Br: 10,5 3B.

3. XHpanbHbie FaloreHNPOH3BOAHBIE YIAEBONOPOJAOB H HX HOMEHKJA-
Typa. [Togo6Ho ankanaM, raoreHajsKasbl MOTYT COAepKaTh B MOJAEKYJIe

ACHMMETPHYECKUH aTOM yraepoja. JTO BO3MOKHO B CJydae pasJduHbX
rajoreHoB MJH aJKHJLHBIX TPYNN y OJHOrO aToMma yraepoja. Hamnpu-

Mep:
¢ c
Br/}i[\F F/}L\Br

R-6poydropxiiopMerag S-Gpomdropxropmeran

C
\Cﬂs CH;,/ ]{[\Br

-]
in ]
\
e —

R-2-6poméyTan 8§-3-6pomébyran

Jli To4HOro 00603HAUEHHs PACTOVIOKEHHS 3aMECTHTeIH Y acHM-
METPHUECKOro aTtoMa yrJiepoja B NpocTpaHcTBe (aBcoJoTHOH KOHpHTY-
pauun) npumensiercs R,S-Homenkaarypa (Kaw, I/Ifzrom:ﬂ, [Tpenor,
1956), kotopasa Bouwta B npasuia MIOITAK. Jiaa 3toil nejn BBOAHTCS
pPAA CTAPIIMHCTBA aTOMOB. B OCHOBe onpeje/eHHs CTapIIHHCTBA Ha-
XOIHTCS AaTOMHBLIH HoMep aaemednTa. Takum ofpasowm,
CAMBIM MJIAJIIHHM 4TOMOM H 3aMECTHTEJEM fB/sAETCA BOJOPO], 3aTeM
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caenyior Li, Be, B, C, N, O, F u 1. . B cnyuae ofuHaKoBEIX 4TOMOB,
CBA3AHHLIX C ACHMMETPHYECKHM IIEHTPOM, CTAPIHAHCTBO 3aMeCTHTENA
(rpynnut) onpenesnser «<sropasi o6oM0uKa» atoMoB. Hanpumep, crapiuus-
CTBO T'PYBHE YBENIHYHBACTCH B PARY:

~CHs, —CH,CHy, —CH(CH,)3, ~CH,NH,, —CH;OH, —CH,F

B cayvae rpynn ¢ pa3InyHEM THHOM cBsi3ef] CTAPIUMHCTBO YBEIHUHBAET-
¢ B pAfax:

—cH,0H, —c2°, —=c°, —c/°
H R NOH
NH
—CHoNH,, —¢¢ , —C=N
NH :

Hnst npHmetienus R,S-HOMEHKIATYPbl MONEKYJ/d JOMTKHA GRITS OpH-
€HTHPOBAHA B IPOCTPAHCTBE ONpejeaeHIibiM o6pasoM. a3 Habmorare-
J4 CMOTPHT N0 OCH YIJIEpON — MJALIIHA 34aMECTHTENb, OOHYHO 3TO
ca3b C—H. [Tocae opuenranun MOAEKYNB CMOTPAT, KaK TP 3aMECTH-
Tess PACHOAAralOICA B PAJ B HANpPaBAEHHH OT CTAPLIEr0 K MAAALISMY.
B cayuae R(rectus)-KoHQHTYpauHH 3TOT NOPAKOK COOTBETCTBYET Ha-
NpaBReluIo JBHKCHHS TO YacoBOH CTpeake, B caydae S(simister)-kou-
GHrypansy — NpoTHB YacOBOK CTPEJIKH.

B npuBesedHbIX BHILIE FpPHMEPaX MOJAEKYJB OPHEHTHPOBAHE! TaK,
uyte HaOmopateab cMOTpHT mo oc C—H. [daa 6pomdropxaopmerata
HOPANOK OT CTApPILero K MaalieMy cooTBeTcTByer pagy Br, Cl, F, a ans
2-6pombyrana — Br, CHsCH., CH;. Ilo3ToMy 5HaHTHOMEpH, pacHo-
JIOKEHABIE €/1€Ba, COOTBETCTBYIOT R-, @ CRpaBa — S-KOH(MHrypauHu.

NupusunyanbHee SHAHTHOMEPH ONTHUSCKH aKTHBHGI, HAupasJeHHe
Y14 BpatieHna MOXeT ObITb npasoe (+) uau aepoe (—). Cmecs paBHBIX
KOJIHYECTB S3HAHTHOMEPOB — ONTHYECKH HEAKTHBHOE BEUISCTBO — paye-
Mam (paneMHgeckas cMech).

Ecnu mpu cunrese B MOAEKyne BO3HIKAET aCHMMETDHYECKHH aTOM
yraepoja, 10, Kak NPaBHJO, NOJIY4aeTCs CMECh 3HAHTHOMEPOB — palle-
MaT (CM. aCHMMETPHYECKHHA CHHTe3). MoJeKkyay, KoTopas npu peakiuu
CTAHOBHTCS XMPAJAbHON, HA3LIBAIOT NPOXUPANLNOE, a4 NBA OFUHAKOBHIX
atoma, UpY 3aMelleRyH OJHOrO A3 KOTOPHX BO3HHKAET XHPANBHOCTb,—
snaumuomonnuimy. Hanpumep, Molekyna (GTOpXaopMeTaHa SBJSETCA
APOXHpaAbHOH, a aTombl Boropofa B CHa-rpynne — 3HaHTHOTOMHEL-
mu. Tak, npu 6poMupOBaHiY (PTOPXIOPMETAHA BOSHUKAET XHPANBHOCTD,
HO ROJIyYaercs ONTHYECKH HEaKTHBHAs cMech R- u S-GpoMdropxiopme-
TaHoOB (NP CPaBHEHHH ¢ QOPMyJaMM, NPUBEIEHHENH BHILe, CASIYET
YHuecTs, 4T0 MoJIeKyaa HOBepHyTa no c¢Bsiay C—Cl wa 120°):

§ g g
Bes Bra
q‘ et c — (-I_‘ .
RIS By INg T 5 g
F . F F
S= Rea

Jlna monyueHus onTHYecK: aKkTHBHMX R- m S-6povdrropxiopMera-
i_I‘OB paneMar Hajo pasiesaHTh Ha oATHYecKHe aHTiHmoTel {ra. XX XIV.
- 4)‘
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B MOJIeKyJie OpTaHHuecKoro coelHHEeHHS MOryT GBITb M JABa aCHM-
METPHYECKHX aToMa yr7epoAd, HalpHMEp B 2,3-au6poMuenTane
CH,CHBrCHBrCH.CH, (pc. 81). Uncao crepeon3oMepoB B STOM CAy-
yae BO3pacTaeT, TaK KaK y KaXKHOTO aCHMMETPHYECKOrO YIVIEPORHOTO
aToMa MoryT 6erTh Koudurypauus R u S. [lna 2,3-pu6poMAeHTaRa BO3-
MOKHH Ceylomue KoMGHHALUH KoHburypaumi: R, R; R, S; S, R
S, S. CrefoBaTenbnO, HMeeTCH UeTHpe CTepeon3oMepa.

CH,CH, CH,CH,
Brag ! " Hag | B
NG P : \T -~ g
;{/li B Br/c:: Ny o
CH, ¢n, :
CH,CH, CH,CH,
Br——H H—{—B¢
H--—Br Br—H
CH, CH,
¢ H
H ¥ H Br Be pr Br
Br~ Bt H H ?
Br CH,CH, HCH,C Br
H,¢ CHCH, CH, H,c CHCH; - CH,,
Hecrabumpag crabuTE MBI nectalitns Hag CTAGHABHUR
3aca0KcHHA Koddopmep 33CT0HEHAAA opacp
, KonpopManng . xondopvaLyg o
CH,CH, CH,CH;
. { Ha | _aBr
. m\(i: ot N~ 9
s ‘IJ R
B N : B Nee
1}
CH, CH,
CH,CH, CH,CH,
Br——H H~—Br
Br——H H-—Br
CH, CH,

w

H H Br
Br H Br H Be Br
B H
H; 2CH3 CH" Hj C 2CH3 . c H:-’

Pue, 81, CrepeomsoMepu 2,3-Ru6pOMReHTaRa
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Ha puc. 81 uzofpameHsr BCe yeTHpe cTepeousomepa B OOKOBHIX
NPOEKIHAX, COOTBETCTBYIOUHX HM MAOCKHX APOSKUMAX (POEKUNOHHRE
¢opmynnt 3. Ouiepa) u dopmynax Heiomena. TTpusenennt HecTabrab-
HHE 3ac/OHeHHHe Kon(opMmaluH, KOTOPHE COOTBETCTBYIOT H306paxeH-
HEM NPOEKUHAM, H PAAOM ONHH #3 CTabUABAWX KOH(POPMEPOB.

[Mpu onpeneneHUH KOHPHTYpalHR C/AefyeT yuecTb, 9TO NOPAAOK
aaMecTUTeN el Y OHOro aToMa Yraepojia COOTBETCTBYET HOCHeAOBATe b~
wocth Br, CHBrCH.CH,, CHg, 2 y Apyroro aroMa — noc/efoBaTe/1be
nwoetu Br, CHBrCH,, CH.CH;.

[Mapu R,R u 8,8, S,R u R,S npencraraaior co6oil ONTHUECKHE aH-
TUNOAE! (3epKasbHbie H3oMeps). Ho Monekyant ¢ Koupurypaunes R,R
K R,S (uau S,S u S,R) He ABAAIOTCA ONTHYECKHMH AHTHNOAAMH, OHH
NPEACTaBAAIOT COG0¥ CTEPEeOH3OMEPH, KOTOPEIE HA3LIBAIOTCA duactiepeo-
Mepamy, JluactepeoMepH OTJIHYAIOTCH APYr OT Apyra (GH3SHUECKHMU
CBOWCTBAMU (TeMOepaTypaMH NA4BAEHHR, KHIEHAA, PACTBOPHMOCTHIO)
g OTYaCTH XUMHUecKMMH cBoficTBamH. IlHacTepeoMephl NOJydaloTCH,
€CAH B XHPaJbHOH MOEKY/1e BO3HHKAET HOBH ACHMMETPHISCKU UEHTP.
AToMBI, NpH 3aMEIIEHHH KOTOPHIX B XHPANBHOH MOJICKYJe BO3HHKAET
acHMMeTPHYECKHi aToM, HasMBalorca Juacmepeomonsoimi. Hanpumep,
B 2-GpoMmeHTaHe aToMbl BOROpoAa B MeTuneHosofi rpynme CH, apas-
I0TCSt AHACTEPEOTONHEMH,

Juacrepeomepil AHOTR2 HA3HBAIOTCA SPUMPo- B MpPeo-u3oMepami.
Hix nerye Bcero onpenenutb, NOAB3YSCh NMPOEKUHOHHEIMH GOPMYyaaMH
3. duirepa. IpUTPO-H3OMEPaMH HA3LIBAIOT Te, ¥ KOTOPHIX ABa OAHHAKG-
BbX GOKOBBIX 3aMECTHTe/NA CTOAT B NPOEKLHOHHOA (hopMyae No OAHY
CTOPOHY yraeposHofi uenu. Cnefoparensto, S,R- uau R,S-2,3-qupom-
NIEHTaH COOTBETCTBYET 3PHTPo-H3OMepY, a R,R- uau 8,S5-2,3-mibpom-
NeHTaH—TPeo-U30oMepY.

B ofuweM cayyae Mo/eKyla MOXKET COJEPKATh HECKOJBKO acHMMeT-:

pUNeCKHX aTOMOB yraepopa. Uucno crepeousoMepos N onpenensiercs
BHIpaKeHHeM N =2" re n -— 9HCJA0 acCHUMMETPHYECKHX aTOMOB yrJje-
pona.

Ecau y AByX acHMMETpHYECKHMX ATOMOB HMeeTCSl OJHHAKOBHE HaGop
3aMecTHTeNeH, H3-3a CHMMETPHH MONEKY/H UHCIO CTEPEOH30MEpOB
ymeHbHtaerca. Monexkyaw ¢ xoundurypanueh R,S 1 S,R HACHTHYHN 4
MMEIOT UEHTP CHMMETPHH, T0T CTepeOH30Mep HasHBAeTCH #e30- hopmod,
OH ONTHYeCKH HEAKTHBEH, TaK KaK MOJEeKyNa B eJIOM ax#panvHa (umeer
uHenTp cummerpuu). Hanmpumep, 2,3-au6pombyran CH,CHBrCHBrCH,
ofpasyeT Tpd CTepeoH3oMepa: ONTHYECKH akTapHee R,R- u §,5-2,3-
AUGpOMOYTAaHE H ONTHYECKH HEAKTHBHYIO Me30-ghopay — R,S-2,3-nH-
6pombyran., Huxe wn3o6paxkeH0 NPOCTPAHCTBEHHOE CTPOGHHE Me3o-
¢opMel npu noMottk ¢opmya Heiomena; B ofHOM U3 KoHDOPMEPOB X0~
poio BHIiO CHMMETPUTHOE PacCONOXKECHAe 3aMeCcTHTe. efl:

H CHj,

Br H Br H

€
Be CHy . H Br

CH; CH,
228

4. XUMUYECKHE CBOWCTBA

Jln51 TaNOTeHNpPOH3BOAHBX XapaKTepHA BHCOKAs PeaKiuHoHHas ¢nocol-
HOCTb. BJlarogapa aneKTPObHILHOCTH OHM JIETKO BCTYNAiOT B Peakilin
¢ MetasaaMy (M) u PAsAHUHBIMH HYKJICOQWIHHHMM DeareHTaMmu, 4To
BEAET K PeaKiUAM SaMEIeHHN aToMa rajloreHa, OTUIeMIeHHA I'aNoreHo-
ponopona. MssecTHH peakuyH 3aMeleHHs aToMa rajloreHa BOAOPOAOM:

H,/Kar. 8+ 3= M 8- 8+
RCHy— CHj +———u RCH; —CHa—X —3 RCH, —CH;—

-HX |:NuH
{(—X~)| GNu:r—)
RCH-:CH’ RCH,—CHQ'— NI.I:.
En Sy

1. 3amemenue raforeHa BomOpofoM. BocCTaHOBJeHHE TajoTeH-
NPOR3BOAHEIX A0 YLAEBOAOPOAOB OCYIECTBAACTCA BOAOPOAOM B NIPHCYT-
CTBHH OOBUHHIX KAaTaJR3aTOPOB THADHPOBAHYA HJH HATPEBAHHEM ¢
HOJOBOOPORHON Kucaotod. B nocnenseM cayuae NPOHCXOAHT 3aMeme-
HHE aTOMA TaJOTeHa HA HOJA M BOCCTAHOBAEHUE HelicTBueM HoHa I~

H,
RCng m RCH3+ HX

RCH:X +2HI -5 RCHy 4+ HX 41y

2. 3aMenieHne rajoreHa aToMoM Meramia. [ ajioreHNpoH3BOMHIe
YT IEBOJOPOROB PEATHPYIOT ¢ METaJIaMH, B pe3yjbTarTe 4erc nojyda-
10TCA METAJJOPTaHHYEeCKUE COeJUHEHHA HJH NMPOAYKTH HX AAJbHERINe-
ro npeppamenys. MeralaopranugecKie CoelUHEHHR NOAPoGHO paccmar-
puBaiores B ra. X. 37ech pacCMOTPHM J(8a NIPHMEpA: peakuuio ¢ aKTHB-
HEIM I[IeNOYHEM METAAJIOM — HATPHEM H MEHEe AKTHBHLIM METaNI0M —
MarsueM.

I1pu B3aHMOBEHCTBHH C HATPHEM MPOHCXOAUT AUMEPUIALHUS raJoreH-
YIIEBOA0POLa ¢ OTUICILIEHHEM TraJsioTeHa — peakuus Biopua. Peaxiuus
HayuHAeTCs ¢ MePeHOCa JEKTPOHA OT CHAbHEHIIero 3JeKTPOHOAOHOPA,
aToMa HaTpuA, HA TAJOreHyraeBofiopol. B KauecTBe NpOMERYTOUHHX
NPOAYKTOB BO3HHKalT CcBOGOAHME PajuKanhi H HaTpHHOPraHHuecKHe
COSNUNEHHA:

3+ 8~ .

RCHz— X + -Na —» [RCH; = X]~ Na* 7= RCH,+ Na+X -
. - )

REH,+ -Na — RCH;— Na
3- 8+ 8+ 8-

RCH;~ Na 4+ RCHy— X —» RCHy— CH,R -+-Na+ X -

BaanMojelicTBHe TraJIOTeHNPOMSBOIHLIX € MarHyeM B pacTeope M-
aNKHI0BHX 3pUPOB BeleT K 00pasoBaHKIO MarHifoOpraHHYecKuX coenu-
Henult (pearentos I'puubspa, cM. pa. X. B. 1}

R . R
\9/ 8- 8+
RCHa~— X +4-Mg RCH; —MgX

3. 3amemenne ranoreHa npd B3AHMOACHCTBUH ¢ HykaeodHALBHIMK
peareHTamMi. BosgeificTBHe HYKACODHABHLIX peareHToB (aHHOHOB H
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HeTpabHBIX MONEKYJ] C HeNoJeleHHBIMH MapaMy SJMEKTPOHOB) HA rao-
TCHNPOH3BOAHEE YIJEBOIOPOAOB BEIET K SAMEMIEHHIO aToMa rajorena:
.20 §= T
RCH,— Xt + iNus~M+ — RCHy— Nut -1 X:~M*
3+ &5 + .. "
RCH,— X: + tNuH — [RCHy — NuH}:X: = = RCH, —Nu: + HX

31y peakuuto HA3HBaOT peakuyeli HyKACODIILHOTO 3aMelueHus y
HACHIMICHHOTO YIJIEPOAHOrO aToMa H 0502HayaloT CHMBOAOM Sy (S —
ot aura, substitution — 3amemenue). Heofxoaumo samerurh, 4ro Ra-
pa;AenbHO MOTYT NPOTEKaTh peaxiyd OTmeNaeHHs (CM. HIKe).

MexauuaMm TOH peaKuuy H3YUaiacs B TEUCHIE HECKOIDKAX ASCATHAC-
i, Haydyenue CKOPOCTH peakutH Sy B 3aBUCHMOCTH OT KOHLIEHTpa-
IIMH HYKAeO(HALHOTO peareliTa i CTPOeHHR rajJoredyriesoioposa Aaae
HHTepecHHE pe3yabTathl. OKa3aloch, 9TO CYUIECTSYIOT peakuun Sy,
CKOPOCTE KOTODHIX HE 3aBHCHT OT KOHLUEHTPALHY HYKJIeo(uIbHOTO pea-
renTa (peakilun NepBoro nopsaka). B To Ke BpeMst CKOPOCTs MHOTHX
APYrUX peakuwH Sy 3aBUCHT OT KOHUEHTPAUHH KaK HYKJIEO(UABHOTO
pearenta, Tak H raJOTE€HNPOM3BOAHOTO {peakuuy BTOPOTO MOPSAAKA).
Tak, Guao oBHAPYIKERO, YTO BOSMOMKHBI I10 MeHblUe# Mepe JBa MeXa-
HH2MA Sy

* Peakuus mepporo nopsgaxka fNpoTexaer B jBe CTauH. [leppasg —
HOHM3AL A TaJ0TeHIPOU3BOAHOTO— ABASeTCA MeasieH o craaued. B pe-
3yJIbTaTe MOHH3ALMHK MOTYT 00pa30oBaThCsi MOHHEIE MAPH (TECHEIE HJH

COJIbBATOPA3AENeHHbIE):
5+ 8- Memnenno -
RCH,—X: T RCH{:X:~

Bropasi cragusi — B3auMMoJeficTBHE ¢ HYKJISOQUJLHBIM peareHToM

npoTexaer GLICTPO:
o BuicTpo o
RCH2 :X:~ 4 :Nui~ RCH; —Nur+-3X:=
O6uLyi0 CKOPOCTh Peakimy S y JHMETHPYET MEAIEHHAA CTARUA — HOHH-
sannsa. [1o3TOMy CKOpPOCTb DEAKUUH He 3aBUCHT OT KOHUEHTPauHH o
THIZ BYKJIeohupbHOrO pearenta, Takue peakilHy HasHBAIOT MOHOMO.Ie-
KyJApPHHIME M 0603HaYalOT CHUMBOAOM S yl. "
Peaxkuus Broporo nopsigka fBagercs Oosee ofwuM ciayyaem. Ofa
KOMMOHEHTA — CaJIOTEHNPONSBOAHOE H HYKJeO(PHABHHIN peareHT —
BCTYNIAIOT B peaKLHio OIHOBPEMEHHO!
R -

.8- é8+ + :NE: —ed :‘?(.""C""Nu: —t né " R
X T ! X == e F
H " t M

TRPECXONIOE  COCTON KRS

CKopocTb peakiiH OnpeleIaerca Kak KOHIeHTpaune# u THnoM Hy-
KACO(GHABAOIO peareHTa, Tak J KOHUEHTPalHel rajloreHnpou3BoIHOTO.
Taxue peakuuy Ha3pBAT GUMOERYJIAPHBIMH H 0003HAYAIOT CHMBOIOM

2.
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BaxHo noH¥MaTh, 4TO B pearuusx Sy2 npoucxomut ofpatieHne
KoH(Hrypauuyu y aroMa yraepoaa. S-Kondurypauus nepexopur B R-
KoH(pHTypauuio § HaoGopor, Hanpumep, us R-2-0pomyTrana npu Aeicr-
BHH WEJOYH mosydaercs S-6yTaHon-2, a us §-2-6pomGyraHa — R-GyTa-
HON-2. Peakuus 8 y2 NpUHANIENHT K CINEPEGCNEYUPDUIECKUM PEAKYUAM.
Peakuuio HasbiBaior crepeocneln(pHYecKoR, ecad HCXOJHHE BEmlecTBa,
OTVINYAICIHECS TONBKO CTepeon3oMepHell, NpeBpallaloTca B CTePEOH30-
MEPHO pasHbE TPOAYKTH. .

TTpr peakitny onTHYecKHn akTHBHOTO 2-HoxfyTana ¢ Na*[- omruue-
CKasi aKTHBHOCTb HcuesaeT — oGpasyercsd panemar. 1o olbacHsercs
TeM, uro R-2-non6yTaH npu peakuuu c motioM [~ paer S-2-uoabyran, a
S-2-non6yran npespawaerca B R-2-nopfyran, OKA He HACTYMHT pas-
Hosecue npH 50% R- 11 50% S-2-uopbyrana (cM. TakKe BaabJeHOBCKOE
ofpamenne).

B xamnoft KOHKpeTHOH peakUHll HYKJICQHILHOE 3aMEIlieHHe ocy-
LLECTBIAETCA N0 0GOHM MEXaHH3MaM, TOJMIbKO CPABHUTEJIbHLIE CKOPOCTH
peakumii MOryT CHJIbHO OT/IHYATLCA. B OTACABHEIX cayvasx noaydaercs
He MepBHIil M He BTOpOH HOPSIZOK PeakiH, a KaKod-To APOOHBIH, M3
KOTOPOTO MOIKHO BBIYHCAHTbL OTAEIBHO CROpocTH no Syt H Sy2 (raba.
23).

Tabauya 23, KOHCTAHTM CROPOCTH PeAKUHIS THAPOAW3IA
6pomanxaron RBr 4= OH~ — ROH 4= Br-
{(80%-Bwl aranon, 55 °C)

Coeanmense Kor;;r; :g:”c§ i;;;i:c'm Kou;:: }mg ”ctg;sgcm
CHg4Br : 3,5.10~¢ 2,14-10-2
CH;CH:Br 1,4.10~8 1,71.10~3
(CH%,CHB]‘ ~l0-8 5-10-8
(CI'Ig 3CBI' ~] —

TIpn paccMOTpeHHH pearusilt S 00paillaioT BHHMAHHE Ra CJAEAYIG-
mHe (aKTOpRE: HYKJIEOPUILHOCTL peareHTa, pacTBOPHTENb H CGJ1bBaTa-
IIHsl peareHTa, MOHH3HPYIOWIAA CNOCOGHOCTH PACTBOPHTENSA, NpPHPOIA
Hykaeodyra (yxoasinefi rpynmbl) B IPOCTPAHCTBEHHOE CTPOEHHE coe-
AHHEHEA (CTepHYecKHe MPENATCTBIIA peaKiin, cTabHau3auns KapGoxka-
THOHA),

HyxaeopuibHoCTh yBEIHYHBAETCSI APH YBeJHYEHHI] MOAAPH3YyeMo-
CTH pearenTa, pasmepa annoHa. Peakuuy cooco6CTBYIOT nOASpHEE pacT-
BOPHMTENN, KOTOpHe He ofpasylorT Bogopopmule ¢Bssi (ra. XIV. A. 3)
¢ HYRJIEODUAOM H TAKHM 06pPascM ero He NACCHBHPYIOT, HaNPUMED ale-
TOH, ANMETHJICYAbPOKCHA, AUMETHAGOPMAMHA,

Hanayginie yxoasuuie rpynnst — crabpie ocHoparns. B paay ra-
JIOT€HHA-HOHOB HanGo.see c1afoe ocHoeanue [~, 3a viuM caeaywr Br-,
Cl- u F-.

Ha peakunio Sy2 CHJIhBOE BJIHAKHE OKA3LIBAIOT CTepHYECKHE Rpe-
NATCTBUSA, AJKH/bHBIE TPYANL ¥ UEHTPA PEAKUHY MEmaloT npHoamKe-
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HHI0 HyKNeodbu1a, NMO3TOMY TPETHYHEE FAJOreHalKaukl HE pearupyior
o MexaHusMy S,2.

MexauusM S y1 BO3MONKEH B CAyUae coeAHHEHHH, KOTOPBIE MOTYT Ja-
BATb BecbMa YCTOHUMBEIE KAPOOKATHOHLI, TAKHX, KaK TPETHYHKE ra’o-
reHaJMIKaBH, aaaud- 4 GeHsHaranoreHuAn. OcobEHHO APKO 3T0 BRIHO
Ha IpUMepe MPOH3BOAHEIX (heHHAMeranoB., EcniH NPHHATL CKOPOCTDb pe-
aKuuH THApoaM3a no MmexaHusmy Syl Gemsuaxaopupa CgHCH.Cl
3a 1, 1o 1as audenunxnopmerana (CsH;)sCHCI cropoctb pasia 2000,
a ans tpuderunxaopMerana (CsHg),CCl — 30 000 000.

Tak kak B peakiuusax Syl npoMexyTouno ofipasyercsa KapOGOKaTHOH,
KOTOpH#T aTakyeTc HyKAeohHIOM CO BCeX CTOPOH, CTepeoceluHuROCTD
ofeiyito He cobmofaerca. TIpH peaxuuyu oNTHYeCKH aKTHBHOTO coejdne-
HHA NOJy4YaeTcs pauemuyeckuéi npofyxr. EcTe peakne HCKIIO9eHHS,
KOTHA COCENHAs Ipynna cTaGUAUSHPYeT KOHQHrypauuio (cM. BaJabie-
HOBCKGe OfipallieHue).

B opraHnuecKoM cUHTese PeaKluH HYKAeopHALHOTO 3aMEIeHHs HCe
MOJb3YIOT OueHb WIKPOKO. [lepeyncanM HEKOTOpHE K3 HHX:

1} ruzpoaus
RCH,X 4-H;0 — RCH,OH 4 HX
RCH,X +Na+OH~ — RCH,0H +Na+X -

2) ammoROAH3 (NONyYeHHE AMMOHHEBHIX coJself H aMUHOB)

RCH,X +-NH; — [RCH;NHg])+X = == RCHNH; + HX
RCH,X --NR} — [RCH,NR}]* X -

'3) noJyueHue npocTuix abupos
RCH:X 4Na+-QR%—— RCH,OR!4Na+X~

4) noayuyenne ChoXBHX NPHPOB
RCH.X +Na* ~OOCR! ~ RCH;O0CR? - Na+X~-

5) noayuyenne HUUAHKAOB (HUTDPHJIOB)
RCH,X 4-Na+=CN — RCH,CN 4-Na+X~

6) nonyueHne HOAYTAEBROAOPOAOB
RCH3X +Nal — RCHal4NatX~-

Yucno npumepon peakunit AyKAeoDHALHOIO 3aMelURHHS MOKHO yBe-
JIH‘I?I'{I'I‘)I: NpH HCHONB3OBAHHH JPYTHX HYKNCOMHJbHHX peareHToB (oM.
c. .

Bece Sy-peakiuun daxkTHYecKH NPeACTAaRASIOT co00l BREACHHE an-
KHNBHOR (HAH alKeHHIBHEOH, anKHHHILHONA, APHAANKHIBHOH) IPYMIEl
Yy KaKoro-to atoma HJd rpynns. [losTomy rafnoreHnpoHsBojHBIE yrie
BOJIOPONOB HA3HIBAKT AJKHJAMPYIOULUMH DPEAreHTaMH,

Peakuun HyKneopUABHOTO 3aMelleEHA MOTYT GHTh HHTEHCHPHIHPO-
BAHHE TNIPY NoMoIM MexdasHoro Karaausza (cM. ¢. 75, 340, 400, 403),
Hanpumep, r4aponus BONHLIM PacTBOPOM LIEJNQYH MOXKET GHITb MPOBe-
JeH B JIBYX HecMElMBAOmMUXCA ¢asax (BOXHLIA pacTBOp LIENOYY H Ta-
AOT€HaNKaH) NPH MHETCHCHBHOM NEPEMCIUUBAHUK B NPHCYTCTBHH MEX-
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da3roro Karanusaropa (4eTHIPEX3aMEIEHHON COMM amMMOUld, KpayH-
spupa, KpHNTaHIA).

4. AKTHBAUMSA TANOTERNPOU3BOAHBLIX M reHepauHs KapGOKATHOHOB.
TMonfpusailne CBA3H YIIePOA—TIajJ0FeH MOXHO YBEJINYUTL NPH NOMO-
Wi KOOPAYHALHK TAaJOreHMPOH3BOAHOIO € 3SJEKTPOHOAKLENTOpaMI.
JLag 31Ol Heau HCHOAL3YICT KHCIOTH $lblolica, KOTOPHE BCTYMAIOT RO
B3aUMOAEHCTBHE ¢ HENOJAENeHHBMMH MapaMKH dNEKTPOHOB aToMa raJore-
ga (AlX;, SnCl,, TiCly, BF,, SbX,):

[ 8- L5 " &
RCH,—)E: +AlX, ZO&C;H,-JE: - AlX;

Taxum 00pa3om yJaercs aJKHAHPOBATh BecbMa ciafbie HYKAeo(as —
apernt (cv. ™. VIO A. 4.1. B).

Kak aokasano meroaoM IIMP, stuM cnocooM mpH HH3KHX Temnepa-
TYPax B PACTBOPAX Y/JaeTcsi TeHEPHPOBaTb CBOGOAHME KapGOKAaTHOMBI
(. Ona). JIyuwe Bcero Aas 3Tofl UENM NOLXOAAT GTOPYIICBOJOPOIH H
cHabHBle Kucaors JIstouca (BF,;, SbE;, PFs):

& A= +
RCH,; — F - SbFy —= RCH,SbFs

5. OTHienaeHde aTOMAa rajorena, ofpasosaHue HeHACHILEHHHWX coe-
puHenni u Kapbewos, a) O6pasoranue ankenoB (f->nu-
MUHHHDPORAHHE). Peakuusa OTILENMEHHA SABAAECTCA KOHKYpPHPYIO-
med Ans peakuud HyRIeobHALHOTO 3aMelleHHs, HanpuUMep NPH B3and-
MOIEHCTBHE CO INEMOULIO: )

H H
I'll H ——»R-—é— (I:—OH {Sn)
R—C—-é—X-{—OH"— ]!] ]-Il

— :>C=Cﬂn+x'+ﬂzo (EN)

Peakuus ormenueHus ofoauayaercs cuMbotom E  (3aumMuHHpOBa-
HHEe HyKaeouabHOe).

Kak nokasaaM KUHETHYECKHe MCCAeoBAHWs peaknuy Ey, BO3MOXK-
HO MOHOMOJIEKY/ASIPHOE NPOTEKaHHe peaKuuH (NepBEd Wopa10K) —
E ! u 6amonexyaspuoe (sropofi mopsjok) — Ex2. B caydae Eyl
CKOPOCTb PEAKLHH ONpefensieTcss MEMNIEHHOH cTaguelt — MOHH3AUNE.
3artem caegyer OuicTpHift pacnaj KapGOKaTHOHA HA aJKeH H NPOTOH,
KOTODHIH CBASHIBACTCA HYKNCOPUJILHBIM PEAreHTOM:

H H H H
R_é_gig.{: MeaneHHo R_é_#ﬂjé:—
H

e

bk H
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CropocTs peakuuu £ y2 3aBHCHT OT KOHUSHTPAUHY HYKICOPHIBHO-
ro pearenta. B 370M ciyuae BO3HHKaeT NEPEXOIHOE COCTOSHHE, B KOTO-

POM HYK/J€ODHJBHEIA PEareHT NpPefNoJ0KHTEABHO CBA3AH ¢ BOAOPOS-
HBIM aToMoM npH f-yraepone:

HH HH -

t lse 3~ - |t H R
R~C~CmX: + Nitm=|R-C=Crar K| —m 6= + %7+ HNu:
[ « 1oy " o Ny 0
H H : H K "
K

OSpasoBaiie anKeHa BOSMOIKHO ¢ OJHOBPEMEHHBIM yxooM HNu:
it :X:~ (CHHXPOHHO) HJIH C IPOMEXYTOUHBIM o6pasopanHeM KapGaHHOHa.

BaaMonelicTBIIO HYKJIEOPHIBHOTO PeareHTa ¢ BOROPOAHERM ATOMOM
cHoco6eTBYeT MHAYKTHBHLIE XdxpeKkT aToMa rajioredHa, B pesyanrare ye-
TO0 noasapusyiorca csasi C—H.

B npHHMuNe aTaKa HYKJIEOMHIOM MOXKET OCYLIECTBHTBCH KAK Y O~y
TaK Y [}-BOJOPORHOrO aToMa.

OGbieo peakuun Ey OCYIECTBASIOT JefiCTBHEM KOHUEHTPHPOBAH-
HHX PacTBOPOB CHJ/ILHLIX OCHOBAaHHi, HANpuMep WIEAOYed.

Ecas B peakuun £y MOryT o6pasoBaThbCil HECKOALKO H30MEpPHHX
A/MIKEHOB, TO NPEHMYUIECTBEHHO NOJYYAIOTCH TE€ H3OMEPH, B KOTOPHIX
nanbobimee YHeaA0 samecTuTesell y ABoilHOM cBA3n (npaBmio 3afiuesa):

(;,H, H
ox~ CH H
CH,—C-—-JZ-—CH;——* °>C=c/
ST e e

6) O6pasoBaHne Kap6eHop (X9JUHMHHMNDPOBA-
H # e}, Ecau tipn B3auMofeficTBHH ¢ ClJbHMM OCHOBAHHEM OTiIElAS-
€T «-BOAOPOSHHIT aTOM IaJoreHIPOH3BOIHOI0, BOZMOMKHO 06pa3oBa-
HUe KapGeHa. D10 JOKa3aHO AJA TPUrAJOreHMETaHOB, HALPHMED XJO-

popopsa:

H-CCh + O™ == Toct + Ho == e %4 o+ mo

— & Sa )
OOpasyercs TPHXJIOPMETAHKI-HOH, KOTOPHI CNOCOGEH reHEpHPOBATE J|-
xnopkapGed BhIGpacHBaNHeM XJaopui-HoHa. O6pasoBasue AHXJAOpKap-
GeHa pokasuiBaerTcd JANbHCHIMIME peakmnsMi (sanpumep, obpasosa-
HIEM HHKJICDPORAHOB B NPHCYTCTBHY aJKEHOB),

5. BA)XHEHHIIE (IPEACTABHTE.I

Merwaenxnopsa (xaopuernil meriien) CH,Cl, — 6ecusetnan KuikocTh
€O CNAAKOBATHIM 3alaxoM, Ma/o pacteopny B Boje (1,3 r 8 100 r Bogm
npr 25 °C). CoepuHenwe o6najaeT HAPKOTHYECKHME CBONCTBAMH,
B RpPOMBILLTEHHOCTH €ro NoJydaloT XI0pHpOBaHHEM MeTaHa.
MeTusenxiopnl NPAMEHSIOT B XayecTBe pacTBOpHTENd A8 NOMH-
MCPHEIX MaTepHaqoB (NCJAHBHHUAXAOPHAR, NOJHCTHPOIA, XIOPKAydy-
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ko8 M Ap.). CMech METHIEHXNOPHAZ € THAOBHM CEHDTOM UIIPOKO HpH-
MEHSIeTCH /19 PACTROPEHHA ALETHUENNON03H (cM. ¢. 521} B IPOHSBOA-
cTBe  KHHOMOTORAEHOK.

Xaopodopm CHCl, — Gecuserras XHAKXCTE €O CIATKOBATHIM 32-
naxom, Majo pacrsopum B soge {1 r 8 100 r pomut npw 15 °C). Coennie-
HHe 061aJ4eT CHJILHEIMU HAPKOTHICCKHMH H AHECTE3UPYIOUHMH CBOMCT-
BaMH, MpHMeHsiercs B MeAMUHHE. B NPOMHILICHHOCTH €ro nosy4aior
XJIOPRPOBAHHEM STUIOBOTO CIUPTAa XJOPHOH H3Bectbio (oM. C. 494).

XaopodopM XopoLQ PACTBOPAET XKHPHI, CMOJH, KayuykK. Ero ue-
0AB3YIOT TAKXKE B APOMLIILICHHOM OPIaHHYECKOM CHITE3C A1 noxyye-
Hug ¢peoitos. '

TIpHi CORPUKOCHOBEHHAN € BO3LYXOM, 0COGRHHO Ha CBETY, XJopodopy
nocrenesso oxucasercsa ¢ ofpasosaHuem docrena COCl,.

Terpaxaopmeran (vethipexxaopuctuit  yraepox) CCl, — Gecuger-
Has TSDRENAA Heropiouasd MKHAKOCTH €O CJAfKOBaTHIM 3anaxoM. Mauo
pactBopuM B Boje. C BoAol ofpasyer aseOTpONHYIO CMeCh, KHUNAULYIO
npit 66 °C u copepxamyto 96% CCl, u 4% H,O. B npoMbINLTEHHOCTH
TeTpaxopMeTa [OZY42IOT XNOPUPOBAHHEM MeTaHa MM CEpPOYTAepoaa:

€S +3Cly —» CCly+-$:Cl

HcnosbayloT TeTPaXAopMeTal B KauecTBe NPeKPacHOro pacTBopHTe-
A3, 0COBEHHO A5 PACTBOPEHUS XKUPOB, Macest ¥ cMout. TeTpaxaopmeraH
ABJIACTCA MCXOAHBIM CHIpheM ANA NPOMBIUWIEHHOTO CHHTE3a (PpeoHsnt,
PeaKUHH TEJIOMepH3alui), PeKOMEHAYeTcsl B KauecTBe OrHeTYIUHTENb-
HOTO cpelicTBa. $IAOBMT, BRI3HIBaeT MOBPEXACHHE NETeHH H MOYEK.

Huxaopsran CICH,CH.Cl — GecripeTHas KHAKOCTh €O CA3AKO-
BATHIM 3aMaxoM, T. 1. —35,9 °C, T. kun. 83,5 °C, dj*=1,26, xoadduun-
eRT npejoMJeHus cpera nh=1,4476. Mano pacteopum B Bofe (0,8%
npu 20 °C). C Bogoii ofpasyer 43eoTponNyI0 CMeCh, KHOAWYIQ HPH
71,5 °C u conepxantyio 83% anxsiopsraHa.

B OpOMBILIEHHOCTH XHAXJOP3TaH NOMYYaioT XJOPHPOBAHUEM STH-
sena, OH WHMPOKO KCMOMb3YeTes B KAYECTRE PACTBOPHTENS U HCXOLHOIO
CHIPb B OPraHHYeCKOM CHHTe3e (BUHIIXJOPHA, ITHICHIUAMHH, THO-
KOABHBL KayayK U Ap.). JuxJ0patad o6/a1aeT BapKOTHIECKHMH CBOH-
CTBaMH, HO #JOBUT, BLI3BIBAET TAKE/MIE MOPaKEHHS NEYCHH.

bpeoHsl (X1a10HK) — GTOPXITOPAKARE NPEICTABAKIOT COGOH Oec-
LBeTHLIE Fa3bi HAH HASKOKHIAIIHE XMAKOCTH (Tabx. 24) M BCACACTBHE -

Tabittya 24, dpeonst

Tennota meiapevns
Cocangenue Mapxa T. gur., °C MpA TEMM-PaT VPR Knjte-
HRA (R, MOA6)

CCI:F @11 23,8 182,1
CCLLF, @-12 —29.8 - 167,1
CHCIF, .22 —40,8 2341
C.CL,F, .1 14 3,6 137,3
CCiFs ®-115 ~38,0
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CBOUX CHEeMHPHYECKUX TepMOIHHAMHAYECKUX CBOHCTB HPHMEHTIOTCA B
KayecrBe XJAajar€¢HTOB B XOJAO0JHJALHBIX MAUIHHAX.
dpeoHbt NOAYYAIOT H3 COOTRETCTBYIOMUX XJaopankanos (cM. ra. VII.
2.3).
JHPTOPXAOPMETaH HCNOJBL3YETCA TAKXKEe B OPTAHHUECKOM CHHTese
Ans noayueRus Terpadropsranesa (eM. ra. VIIIL. 5).
lFeKcaXAoPUUHKIOreKcaH — GeCUBETHOE KPHCTANIHYECKOE BELIECTBO,
H3BecTHO BOCEMBb CTEPEOHU3IOMEPOB reKCaxJOPUHKIOTEKCaHa ¢ pa3fuy-
HHM MNOJOKEHHEM aTOMOR XJ0pa. BaXHnIM dBafeTcs H3oMep ¢ TpeMms
PAIOM PaconcKeHHhMH 3KBaTOpHAMbLHRIMI H TpeMs aKCHaNbHBIMH aTO-
MaMH XJopa (y-H3oMep, «IHHAAH»),
a L Teumneparypa nnasjenus 3Toro HaoMepa 112—
ct 113 °C. CMech m30MepoB MNOJy4aloT NpH ¢OTOXH-
a MHUYECKOM XJOpHpoBaHMH Genaoaa (cv. ra. VI
a A. 4.4). Conepxanue y-uzomepa 10—18%.
L CMmech T'eKCaXJIOPIHKAOreKCaHOB IOATHE TOomb
Mt IUMPOKO NPHMEHAMACE B KA4eCTBE CHJIRHOIO HHCEK-
THUAA («rexcaxyopau»). CaMuM adxpeKTUBHLIM ABAReTCH Y-hsoMmep. B
nocheinee BpeMs NPHMEHERKE JHAYHTEIbHO OTPAHHYHBACTCA BBHAY €ro
AA0OBUTBIX CBOHCTB 1 HAKaNJImBaHHs B MOYBE W MHBhIX OpraHu3Max,
Aamunxnopua (3-xaopnponex) CH,=CHCH,Cl — 6ecuBetnas xua-
KOCThb C Pe3KHM 3aMaxoM, BHI3bIBaeT cle3oTeueHHe (rakpumarop). Ilo-
JYUaloT OPH BHICOKOTEMAEPATYPHOM XJOPHPOBAHHH Nponera (cM. ra.
11. 4.8). HcnonrayloT B KauecTBe MCXOZHOIO BEIECTRa A CUHTE3a
SNUXAOPTUAPHHA, TJAHLEPHHA, ANIHIOBHX CJAOXKHBIX DHPOB).
Benanaxnopan CH.CH,Cl saBaserca GecupeTHON XKHAKOCTRIO ¢
pasapaxalomuM 3anaxoM, Aakpumarop. [loryuaior XA0pHpOBaHHEM TO-
JAyoda npu Yd)-oﬁ.nyqennu u Harpesaruu (cM. ra. V1. A. 4.3). Ucnoas-
3YIOT B OPraHHYeCKOM CHHTE3e JAA NoJydeHHs OEH3HJIOBOTO CMHPTA,
GeHsuauyanuaa ¥ GEH3HIOBHX PHPOB KApPOOHOBBIX KHCAOT H HEJIIO-
JIO3bI.

Tagea ViIE
TAJIOTEHAPOU3BOAHBIE THNA C(sp®)—X
1. KIACCHOHKALIUA U HOMEHKJIATYPA

K ranorennpouspoausiM co cBaswio C(sp?)—X (rpuronaneamft yruie-
pol — TajloreH) NPHHAANEKAT:

1) rajorenaqikeHel ¢ aTOMOM TajioreHa y yraepojaa ABOHHOH CBA3H
(BUHH/T2JA0TeHUJILL):

R H R._ . /R
\ _ \ _
/c_c<x c=¢/

x/ T N\x

2) ranorenankaguenn CHz=C—CH=CHy;

236

3) ranorenapeHEl

X
l

% RN /\/}f\
0 0, 00

IMpuEUMIE HOMEHK/IATYPLI ranoreﬂﬁpouanonﬂmx H3JI0KEeHR OBIJH
panee. Hanpumep:

4 3 2 1
CH,CH—~CH=C~--H CHyCH =C—CH=C—CH,

| |
JHQ él Br Ci
3.setha-I-xnoplyrete-1 4.6poM-2-xNOpreRcagaes-2,4

CH,
4 CH,CH; "
(F )
N )2 J J
él
1-Gpos-3-sTARGE R3O 1-6poM-2-MevRN- 2,6-Rn6poMHAGTANHY

3,4 -Aaxaopbenson
Jna HexoTOpHIX MpocTeHiliBX COSAMHEHHHA COXPaHAIOTCA TPHBHAMD-
HHE HJH panAOHAaAbHbE HasBaHHA:
CH,=CHCl CHy=C—CH=CH, CH,=(I:—CH=CH,

I F
BHHAAXNOPHY Xnoponpen droponpen

2, METOADI NOJMYYEHHSR

Jlas nonyweHHs ranoreHalKeHOB H IallOTeHaPEHOB NPHMEHSAIOT 3aMer-
HO OTJAHYaIoIUecd APYT OT Apyra METOHHL.

1. TanoreHankeHM 0OJy4al0T KBYMA OCHOBHbBIMHM PEAKIHAMH:

a) oTWeNJNeHEHEM rajloreHoBOJOCpPOROB OT
1,2-1HranoredajdKaHoB. 310 NOCTHraeTca JeficTBHeM Ie-
JIOYH MM TepMMIECKH HAX KaTajJH3aTOpOM (CM. BUHHJXJOPHA):

R-!D é—Rl-c—’H—-v c<f

6)npucoenuneuuem raforeHoBOA0pPOAOR K.
anKuHaM

&

Kav. H
—C=C—RM-H—X—> \c
R + R/ \x

2, TanoreHapeHsl NOAYYalOT NPAMLIM TAJOrEeHHPOBaHNUEM apeHoB
AW 3aMelleHHeM APYTHX TPYNI rajJOreHoM.
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a) IpaMoe TaJOTCeHHPOBAHHE HABIAEICA TIABHHM
METOIOM TNOJYYeHHS TAJIOTEHapeHOB (332 HCKJIOYeHWeM (TOPapeHoB).

XaopupoBanue NPOHCXOAMT OueHD JIETKO NMPH B3aHMOJEHCTBHY ape-
Ha C XJIOPOM B NPHCYTCTBHH HEGOJBIUHX KONHUYECTB KaTasimaatopa (Fe,
FeCls, apyrue gucirotsl Jistouca) (rat. VI. A, 4.1). [Ipr xaopupoBannu
6eB30J1a MOJNYYAIOT xuopﬁeﬂso.n me.rropdeuso.n, Tpnxaopoenaoa.

pa() =00 0= 0

Jlerko xnopupylorcs TOAYON, KCHJIO/EI, Gmpemm uadrra:mn
BpouupoBanne apeHOB NPOACXOAHNT TPYAHEE, 9eM XJOPHPOBAHHE, H
xam;msnpye’rca Fe, FeBrs, HOJOM:

( u T n CH“+f’ &

r

HonupoBanue apenoB Tpebyer crneuMaibEnx yeaonii. Hox ¢ ape-
HAMH HENOCPeACTBEHHO HE pearHpyeT, TOJNbKO 06pasyerT caabhie KoMIl-
JIEKCH ¢ NePEHOCOM 3apfila, TAK KaK HMEET MeHbIee CPOACTBO K SeKT-
poRy, uem 6poM n xaop. Uonuponanue apenos ocymecmmm B NIPHCYT-
creiu oxucaurenedt (HIO0;, HNO,+H,50;, HaO; v np.). Orecanrean

TNpeBpauialoT HoA B KaTHOH [+, koTophil ABAseTcs Goee CHABHEM 37eK-

TpohUNbHEIM peareHTOM:

HNOy/H,S0
L—————1+HSOF

( ~o AN
" HNO./H.SO‘ I\J "HNO/H,50, L J
17X

Ins AORHpOBaHHA AKTHBHPOBAHHHIX apeHOB MOXKHO HCTONbL3OBATH
x.nopn,u Hopa ICl.

6) 3aMemeHHe APYTHX FPYNN TadoreHoM Sror
MeToll NPHMEHReTCs TVIaBHHIM oGpasoM ANA NONYYEHHs (TOPapeHOB.
WspecTanl peaknnu saMelleHHa xjxopa Ha ¢1op Aeficteuem KF npu Bu-
COROI TemNepaType NOA AdBJEHHEM! :

cl
ﬁ\ Jul y

J 00 C ( J
N\

JIng NONYYeHHA TaiOTeHAPEHOB HCMOAB3YIOT aPeHAUASOHHEBBE COMM
{ta. XXV, A, 3):

& CuX
[Ar—N == NjX ~ — Ar~—X 4-Ng

A
fAr—N == N]JBE; - Ar—F--N,-+BFy

3. ®U3MYECKHE CBOWCTBA 11 MMPHPOJA CBSI3EH

TaforenaiKeHb 4 FanOTeHAPeHbl ABIAOTCA CeCUBETHRIMHA [a3aMH AAH
HKHIKOCTAMHE CO CBOEOGPA3HbIM 3aNaxoM, B BoAe NPAKTHIECKH He pacT-
Bopsiorcsi (Taba. 26).

Tabauya 25, Pnanyeckire KOHCTAHTH NEKOTOPHX FafOrenyrieRoRopONOB

Ta/10re HYFRCROAOPOR T. na., °C | T. xum., °C “-'fa ﬂf)o
CHy;=CH—Cl —153,8 | —13.8 |[0,973(—15°C) -
CH, =CH—Br —137,8 15,8 | 1,5286(11°C) —

a /c =CH ~Cl —86,4 87,2 | 1,4650 1,477
CHg=C—CH=CH; | ° 59,4 | 0,9585 1,458
CH;Cl —45.6 131,7 | 1,1063 1,5248
CeHyBr 30,6 156 1,495 1,5572
CeHyl —31.3 188,4 | 1,832 1,6214
0-CoHCl; —17,5 182 1,305 1,652
1-CgH,Cl, 53 173 1,458 1,521 (80°C)

JunonbHbie MOMEHTHI Y PAAQ TAJIOTEHAAKEHOB H TaNoreHapeHos
Menble, 9eM Yy MOJOGHHX TraqOreHanKaHOoB. 3TO CBUJETENBCTBYET O
menblueli nonspHocTH cBaAsu C(sp*)—X:

uxiod, Kn-at f, D
CHy—CH,—Cl 6,68 2,0
CH;=CH-—-Ci 4,81 1,44

>~ 52 1,88

INpuuunolt yMeBblIEHHS NOMSPHOCTH CBA3M SBAACTCH USMEHEHHE
COCTOAHNS THOPHAU3ALUMH YIEPOJHOTO aToMa sp® Ha sp*, 4TO BHI2HBaET
yBeTHueHHe JEeKTPOOTPHUATENbROCTH YIVIEPOJIHOTO aTOMa H B3aHMO-
NefiCTBYE HenoJeAeHHO! Naphl SIeKTPOHOB 4TOMa rajOreHa ¢ N-CBA3A-
MH 2JKeHa MK apeHa.

Henoaenennas 31€KTPOHHAR Napa BCTYNAeT B conpﬂmeune H 810
BH3bLIBaeT CMelIeHHe T-37MEKTPOHHOII MIOTHOCTH OT aTOMa TrajoreHa B
CTOPOHY YIJEPOAHBIX aTOMOB. [pyriMH ClOBaMH, aTOM rajoreHa mpo-
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aBaser -+M -addert (em. c. 29, 80).

.84 5. -
5 ; " L 54

;38

(3mecy 8-3apafipl OTHOCATCS K H3MEHEHMIO MJIOTHOCTH f-3JIeKTPOHOB).

BenefictBue compsikeHHS H3MEHSETC pacnpefieseHle MAOTHOCTH
T-3JIEKTPOHOB (4TO H306paXKeHO Ha cXeMax) H H3MeHseTCs XapakTep
cBazu C—X. ,

OnHOBpeMEHHO JEHCTBYeT CHJABHBIH 3JI€KTPOHOAKUENTOPHBEI HH-
AYKTUBHBIH 3QeKT (—/) no a-cBA3AM, NO3TOMY CyMMapHbIH adpekT no
0- ¥ ft-CBA3SIM KAYeCTBEHHO TPYAHO IpeayrajaTb ¥ TeM GoJee nzobpa-
3HTb NpPH MOMOIIH §-3apsinoB:

”

&5—

A% gz@&“x?'
cm:-c\H i
&—
Pacuersl MOATBEPRKAAIOT TAKOe pachpefieseHHe 3apsjioB.

Jnuna cesseit C(sp?)—X yKOpOueHA IO CPABHEHHIO €O CBA3AMH
C(sp*)—X. Hike npuBeneHsl JMeKTpoHOrpapuyecKie JaHHbIE I/ BH-
HUJIXJIODHAA.

B grmmme M Hayuenne aHepruit HOHM3ALHUH MOKa3ano, 4To
cl C BHHUJITAJOTEHUAB O6/1aJa10T GOJBLIHM 3J€KTPOHO-
a 93:¢, JOHODHEIM Xapakrtepom, uem 3Tuaed. Ecan ans
e 3TUeHa 3HeprTHa uoHusauuu 10,538, 10 19 Bu-

Huagropuna 10,4 3B, a pas Bunuaxaopupa 10 3B.

Iajoren6eH304EI MO CBOUM 3JEKTPOHOJOHOPHBIM CBOHCTBAM CpaB-
HHMEI ¢ GensoqaoM. Ecin nns Gensdona U 9,24 3B, 10 1na ¢propGensona
9,2 3B, a anga xJaop6ensona 9,08 3B.

DHeprHa HOHH3ALHH XAPaKTEPU3yeT HOHHU3ALMIO CONPIMKEHHOH CH-
CTeMbI BHHUJ/ITAJOTEHHIOB H rajoreH6eH30/10B H OTYaCTH PeakiHOHHYIO
CTNOCOGHOCTDL C 3/1eKTPObHJIBHBIME pPeareHTamH.

4, XUMHMYECKHE CBOUCTBA

Jns ranoreHnpoH3BOAHEIX €O cBsI3bi0 C(sp?) — ranoren XapakTepHbI
JBa TUNA peaKLHiH: MO CBA3H YIJIEPOA-—Tajlored (3aMeleHne) H B yrie-
BOJIOPOJIHOM OCTAaTKe (pHCOeAHHERHe, NMOJUMepH3alHs, OTIIENIeHHe,
3ameleHue).

1. Peakunu 3ameweHus atoma rajioreHa. B oTiuuue or yxe pac-
CMOTPEHHBIX TaJIOreHIPOH3BOAHBIX cO cBs3pto C(sp?)—X, B KOTOpHIX
aToM TaJlIoreHa NOABHIKeH, raJoreHyr1eBoRopoasl ¢o cBasbio C(sp?)—X
B peakiuH 3aMelleHHs BCTYNAIOT TPYAHee, OCOGEHHO NPH B3aUMOJEHCT-
BHH C HYKJEeohHJNLHEIMH peareHTaMH. ATOM rajioreHa B THX COeJHHe-
HUSIX MAJONOJBHXKEH.

a) 3aMemeHdHe aToMa raJoreHa BOLOPOAOM
NPOUCXOAUT TpyAHee. B ycioBHAX KaTaMUTHYECKOrO THAPHPOBaHUSA
Hag Ni win Pd ranorenankeHel cHauajla HacHIAOT ABOAHYIO CBA3b,
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a mocJie 3TOTO 3aMeniaercs rajored. Fajorenapensl pearHpyloT TPYAHO,
32 MCKJOUYEHNEM HOXAPEHOB.

6) Bsaumogeiicreue ¢ Metraauaawmu. lanorenanxe-
HBI C METAJJIAMH PEATHPYIOT N0-PA3HOMY. AKTHEHLIE LIE/10YHbIe MeTaJl-
Jbl MOTYT MHHIIHHPOBATH NOJUMEpH3aluui0. Maruuil pearapyer ToabKO
B CIHElHaJbHBIX YC/IOBHAX — B pacTBope Tterparujpodypana TId:

TTo
CH, = CH— Cl4 Mg — CH, = CH —MgC}

T'anorenapensl ¢ MeTall1aMi PearHpyloT Kak OObIYHO:

R R
\-O'/

C¢H;Br + Mg ———— C¢H;MgBr

B) BsanumopgefictTBue ¢ HykKJeopuaAbHBMU pe-
arTeHTaMu. PeakllMd raJloreHajJKeHOB W TajJoreHapeHoB ¢ HYKJeo-
(QUIBHBIMK peareHTamH Bcerja NMPOXOAAT TPYAHO, HEOOXOAuMHI GoJee
MKECTKUE YCJIOBHS PeaKLUHH, HO MPH 3TOM NPOTEKAIOT NOOOUHBIE PeaKIHH.
OTyacTi 370 0GBACHACTCA H3MEHEHHWeM NpHPOoAb ¢Ba3H C(sp?) — raJgo-
red (CM. BHIHIE).

Peaknun Sy rajoredaqkedoB NPpH B3aUMOAEHCTBHH ¢ HYKJEODHIb-
HBIMHM pearenTaMu B GOJBIIMHCTBE CJAy4YaeB He YA4€TCS OCYIIECTBHTD.
Ilpu oOLIYHOA TeMlepaType peaklHH CO LIEJ0Ybl0, aJKOKCHIAMH, aM-
MHAaKOM B 2KeJaeMOM HalpaBJeHHH npakTHyeckd He mayt. Ilpn 100—
200 °C j1oMHHUDPYIOT HOOOYHBIE peakLHH — OTIIENJIEHHE, HPHCOEIHHE-
uHe, noaumepusanis. Mceraouennem MOTyT ObITh PeaKLH MOANTaJ0TeH -
aJIKeHOB C CHJALHBIMH HYK.J1eoduJaMu, Hailpumep THoaAT-HoHamMu (RS™).

Fanorenapensl ¢ HyKJeOQHJbHBIMH peareHTaMH B3alMOAEHCIBYIOT
ToNbKO npu Temmepatypax Boiue 200 °C. Cama cucrema Gensona NpH
3ITUX TeMmnepartypax crabusibHa:

v 300 °C

o~ /o8
| IJ +Na+OH- ——>| J +Na+Cl-
N/ N

Tak u3 xjgopBeHsona MoxeT GHITh NOAyUYeH (eHos. ITH peakluu Kara-
JIU3HPYIOT MEIbL U COJIH OJHOBAJEHTHOH MeJH:

X Nu:
N 200-3000¢ (7 -

I | +:Nu:‘—Cu——> ‘ 4-X=
X X

Bo MHOrux cayuasix Ajs peaknHil MOXKHO Hcnosab3oBaTb cotn Cu (1)
C HYXHBIM aHHOHOM:

Ao X NS
| || +ch—->| J +CuX
N/ N

Jlerue npyrux rajoreHapeHoOB pearupyloT Hojapensl. Poab menw
HaM coJefl Mefu 0 KOHLA He BhIsICHeHa. Ilpexmosiararor, 4To akKTHBHOI
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gacraueit apaserca nor Cu*, KoTOpLIfi BEHICTYHAeT B KAYeCTBE aKLenTo-
pa K ofpa3yer KOMIJIEKC C IepeHOCOoM 3apAfa MHGO ¢ aTOMOM rajiorena,
Nu60 ¢ |-3NCKTPORHON cucteMofi GeHzona:

s 843 .
& X CuY s X % .7&?.'
U == + CuY == @ic}’&‘

B oboux c1yuasX yMEHbLIUAeTCs NJOTHOCTh /EKTPOHOB HA aTOMe yrae-
poaa B ceasy C—X (§' >»0), uro cnocobGeTBYeT peakiHH.

2. PeaxkuuH B yTJeBOJOPOJHOM OCTarTKe. a) Peaknuun npucoe-
TuHeHda [anoreHankeHbst BPHCOSRYHAIOT TaNOr€HH, raJOreHOBO~
JOPOAN H APYrHE NeKTpoUALHEIE peareATsl. CKOPOCTH peakunit npH-
COEIMHEHHS BHXKE, YeM A8 COOTBETCTBYIOMHX peakiu# aakeHos. Ho
B peaKlUHsX APHCOCNHHEHHA TaJOreHOBOJOPOIOB aTOM rajoreHa AeHcT-
BYeT KaK SJIeKTPOHOJAOHOpHasA Tpymna:

X 8+ 3~ X
é H-Y X, [
CH,— | H ~——CH,=CH—X =% CH,—CH
¥ 1
6) [ToduMepH3allHddraioreHalKeROB H FaJioTéHAJKAIHEHOB
APOHCXOAAT OYEHb JIETKO B NPHCYTCTBHH HHUIKATOPOB MJM KarTadu3a-

TOPOB (cp. MONRMEPU3AUHUS AJKEHOB U ajKajHeHoB, ra. I1. 4.6, ra. II1. -

B. 3):

{n+2) CHy==CH~Cl =——>mm

<l Cl 1
n
nomstAxopKa (TTBX)
b3/ R . CF. 3 CF3
@4 Noml! R o N P
F/ \P RCFa CF3s CR
n
Cotogonaact, vegasny

: X X X
(n+2) CHy= i-cn==cm — N &
3

{npu X=Cl — nomuxaoponper, npu X=F — noaudrroponpen).

3ty peakUUy HMEIOT HCKAIOIHTENBHOE 3HAYECHHE B NPOMBIIICRHOCTH
AN IPOH3BORCTBA NOVIHMEPHEIX MAaTEPHAJIOB ¥ CHHTETHIECKOrO KayuyKa.

B Peaxuuu otTmenneHnua, laitorenanxers, copepixa-
UIHe BOAOPOAHHA aTOM Y yraepoxa AsofiHOfi CBR3HM, NPH B3aHMOJGHCT-
BHH C KOHUCHTPHPOBAHHLIMI PACTROPAMH IUeoYefi OTIMEAARIOT Taf0-
N€HOBOZOPOA H NpeBpalaloTCA B ajJKNHH. ITIpeanonaraercd, yTo peak-
IH51 HaYHMHAaeTCA OTPHIBOM aTOMa BOJOPOJA B BHIE NPOTOHA:

R, X -_B .(:j‘ o
N ,c=c\nl+ OH = £ '?c"n‘+ H,0 —m B=C=C—R'+:% + B0
1
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TTono6Hasi peakuMs OCYUIeCTBAACTCH TaKkKe B Cay4ae ranoresape-
HOB, TOABKO BHIACJAATH HPOLYKT € TPOHHOH CBA3bI0 HEBO3MOXHO, OH
CAHIIKOM axkTHBeH. CuipHOC OCHOBaHHe (OGbIYHO AHTHAOPraHHYECKoe
Ccoe/lHHERNE) OTPHBaeT HPOTOH OT rajorenfeHsona u obpasyer kapba-
HHOH, KOTOPHIAi OTIMEANeHMeM raJloOreHH/-HOHAa RpeBpallaeTcs B CBOC-
ofipasnyio HeATpanbHylo uacTuuy — geruppoSenzon ([, Brrrur):

X PGS
st
CU emurae (5] om
" w-LiE $

-x‘,l +x-

O—-Q0—-Q0—-0

CTpyxTYpY Aeruzpobensona TpyaHO H306pa3uTb. MOXKHO HaAHCATH
Me30MepHbIE CTPYKTYDH € JIOK2JH30BaHHLIMH Y COCCAHHX YIVIePOAHHX
aToOMOB 3apsAfaMH H Gupaaukan. CTpyKTypa ¢ OGHYHOH TPOMMOMH CBAA-
2pl0 MeHee BepOATHA, TaK KaK NepeKpuiBanHe IBYX p-opOuTanedt B Gi-
p2AMKane HeGOAbBmIOE, YJOBHTh JETUAPOGEH30A B PacTBOpPE MOXHO
NPpH NOMOIOW XHCHOBOrO CHHTE3a. ,Iler HJ.lpOGEHSO..‘I ABAAETCA aKTHBHAIM
ANeHOOUNOM K ApHCOeAHHAeTCH K {,3-AHeHaM ¥ aHTpaueny:

ry Peakuuu saMemer A XapakTepHh Aas ranoreHape-
HOB. M3BeCTHH OOBIYHLIE peaKIHK 3/MeKTPOPHIBHOTO 3aMEINCHHMSA: HHT-
poBaHue, cyabbHpoBaHHKe, raloreHHposanne. CKOPOCTH PeakiKH cpas-
HUMBI CO CKOPOCTAMH MOZOOHKIX peakuufi 6eHzona. ATOMBI rajoreHa B
2THX peaKHHAX BHABIAKT CBOH AIEKTPOHOAOHOPHELIE cBoiicTBa Ha -
SJICKTPOHHOM YPOBHE B OPHEHTHPYIOT BCTyMalollue TPynnkbl B 0- H A~
NCNOXKERHA:

X X X )
| NO4
v

X
I NO;s i |
P o, Y N avou /
N N N ‘\l
i N NO
" }f Oy 4
PN LN

n.sof.‘.’;l\)' +| ,
AN N

SO4H



5. BA)XHEUIIME MPEACTABUTEJ/IN

Bunuaxaopun CH,=CH—CIl mnpencrasasier coboft 6ecuBeTHB# ras co
cnalblM 3alaxoM XJaopodopma, pacTBOPAETCss B OPraHHYeCKHX pacTBo-
PUTEISIX, HEPACTBOPHM B BOJE. ,

B nmpoMBULIEHHOCTH BHHHJAXJOPHA NMONYYaloT B KPYUHBHIX MacluTa-
6ax. OCHOBHEIM MpOIECCOM SBJsIeTCH NPUCCEAHHEHHE XJ0POBOJAOPOAA
K anerui1edy B rasoBod (ase Hal KaTaau3aTopoM (aKTHBUPOBAHHBIA
yroas -+ HgCly):

120-180 °C
HC=CH-+{HCI Eov— CH,; =CH-CI

BropuiM cnocofoM MoJyueHus SIBJAseTCs JerdApoXJaopHpoBaHue JId-
XJlopaTaHa B razoBoil (ase npu TeMmneparype 400-—500 °C. B nocaen-
Hee BpeMs 3TOT METOZ BBITECHSET AeTHAPATALHs 3TH/IEHXJOPTHAPHHA
(2-x710paTaHOaQ):

o

HOCH,CH.Cl

o CHy = CH—Cl4-H,0
B ofoux MeTofiaX B KauecTBe HCXOJHOTO CHIPbS HCIOJIB3YETCS! ITUJIEH.

Bununxaopus snerko nonumepuayercs. [ToMHBUHHIXAOPUA ILHPOKO
NpUMeHsieTcs [/A MOJydYeHHsT TNOJHMEPHBIX MAaTepHAJIOB H CHHTETHYE-
CKOTO BOJIOKHA.

Tpuxaopatuaen CCl,=CHCIl — 6ecusetnas XUIKOCTh C 3a0aX0OM
xnopodopma. B Boje He pacrBopsiercs, HO ofpasyeT a3eOTPOINHYIO
cMech, Kunsiyio npu 73,6 °C 1 cogepxamywo 5,4% soget. [Toayuaror
€ro M3 auernjeHa MO CXeMe:

100-500 °C
HC = CH 4-2C]; — HCCl,— CHCl,

CCly=CHC! - HCl

TpuxsopsTHieH — npeKpacHE PacCTBOPHTEb KHPOB, Macesa, CMOT,
Kayuyka. Ero ucnoibayior Aasi ofe3KHPUBAHMA TKaneH, KOXKH, MO-
BEDXHOCTH MeTaJlj1a, /sl SKCTPAKUHH JKHPOB H MAcel M3 HPHPOAHBIX
NPOAYKTOB, J/151 XUMHUECKOH UHCTKH OJEXK[BL.

Terpadpropatunen CF,=CF, — Gecupernmii ras 06e3 3amaxa,
T. kui. —76,3 °C, d;"=1,519. He pacreopsiercs B BOJE.

TerpadropsTuncs mosyualOT B KPYNHbIX MAacliTaGaX HHPOJH3OM
pupropxaopmerana (hpeona-22):

600-700°C
2F,CHCl ~——— CF, =CF, 4 2HCI

[Ipu momumepusaunu TeTpadTOPITHIEHA B NPUCYTCTBUH IEPOKCHU-
JOB NOAY4HaloT noaumempadimopsmuien (proponsact, Tedyion) B Buae
Gesioro nopolika ¢ moaexkyaspHod maccod 50 000—2 000 000. ITonu-
Mep HCIOJIbL3YIOT A1t H3TOTOBJMEHUS PA3THUHLIX H3Ne Hi, 0COOEHHO 115
HYXJ XHUMHUYECKOH NpOMEIIIeHHOCTH, OH yCTOHYHB K JEHCTBHIO KHC-
JIOT, 1EJIOUeH, OKHCANTeNeH, JaXke 31eMeHTapPHOrO (ropa (MMEeT «KOXKY
HOCOPOTAa W a/JMa3HOe Cepauer).

Xnoponpen CH,=CCl—CH=CH, — GecuserHas XUIKOCTb CO
cBOe0o0pasHLIM 3aaxoM, B BOJE HE PACTBOPSieTCs. B NpPOMBILLIEHHOCTH
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€ro MoAyNalT B KPYMHBIX MaciitaGax 3 BuHMnanernaena B HCL:

0-20°C
> CH2:CC1—CH =CH,

HC=C—-CH=CH,+HCI Cucl NECI

Coenunenne JIerkQ MOJNMEPH3YETCS, B Pe3YJabTaTe UYEro IOJY4aeTCH
XJIOpOTPEHOBHI KayuyK — HCXOJHOE Chipbe A KaGeJbHOH M IIMHHOH
IPOMBIIIEHHOCTH.

XJaop6en3on — GecruBeTHAast XHAKOCTb €O CBOeOOPA3HBIM 3amaxoM.
C Bogoit 06pasyer aseoTponHyio cmech, kunsuyio npu 90,2 °C n conep-
xauyio 71,6 % xJjopGenzona. B MpoMBil/IEHHOCTH €ro NOJy4atoT XJI0-
pHpOBaHHEM GeH30/a B IPUCYTCTBUU JKeIe3HbIX OnuiaoK npu 75—85 °C.
Hcnoabsytor xa0p6eH3o] B KadecTBe PacTBOPHTENS [ KaK HCXOLHOE
ChIpLe 151 MPOMBIILIEHHOTO OPraHMyecKoro CHHTe3a (IoJayueHue QpeHo-
Jla, aHWJINHA, HATPOXJI0POEH30J/0B).

Juxaopaudennarpuxiopmeruaverad (JIIT) — Gecusernoe Kpuc-
Ta/siMyecKoe Bemlectso ¢ T. ma. 108—109 °C, xopolo pacTBOpHM B
OpraHu4yecKHX pPacTBOPHTEIAX:

T —
72 N /2
CCl,
AAT

Ero noayuaior 113 xsJop6eH30/a H TPUXJIOPYKCYCHOTO aabjerunia (xJo-
pans) B IPUCYTCTBUH CepHOH KHCIOTHL JHXJI0pAIIheHHITPHXIOPMETHII -
MeTaH NpeicTaBisieT cO00H CHIbHOAEHCTBYIOMNA YHHBepCAJbHbLI KOH-
TaKTHRIE HHceKTHHHA. J[oarue rToam ero ¢ 6OJLIIMM YCIEXOM HC-
NOJHL30BaJU B CETLCKOM XO3SIHCTBe NpH 60pble ¢ BpeIHBIMH HACCKOMBI-
mH. OiHaKo nocjejHee BpeMs OTKA3HBAIOTCH OT HIHPOKOTO NPHMeHeHHs
JUIT, Tak Kak oH HaKamJIuBaeTcsa B MOUBE, PACTEHHAX, OPTaHH3ME XKH-
BOTHEIX, B MOJIOYHEIX IIPOJYKTaX H BRI3BIBAET ONACHOCTb XPOHUYECKOTO
OTPaBJ/eHHUA.

I'aasa 1X

FAJIOTEHITPOU3BOAHBIE THNA C (sp)— X.
FAJIOHUEBBIE COEJNMHEHHUA

K coennnennam tuna C(sp)—X npuHaitexkar raJoreHaleTHAEHE, JH-
rajoreHaleTHIEHE H TaJOoTeHaJKHHEL

H—C=C—-Cl I—-C=C—1 CHyCH,—C=C—Br

XJopaueTined AHHOMALleTHNIEH 1-6pomOyTHH-1

1. METOABI TTOJYYEHMS

Tanorenankuupl NOMyYaOT peakiHeil HENOECPEACTBEHHOIO TaJOTeHUpO-
BaHus M PEARUUAMH OTILECIICHHS.

Ipsivoe ranorennpoBanne. I'anoreHupoBaTe MOKHO AETHIACH 11 MO-
HO3aMellleHHbIe alleTHIeHbl TaJOreHoM B luenoynoi cpege. [Ipeanonara-
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€TCs, YTO raJIOrCHUPYETCa aueTHACHUA-HOH:

Br,; NaCH
R—C=Co-H—~———>R—-C=C—Br

Peakuwi oTmenieHns. MCXOMHEIME MPOLYKTAMM CAYRKAT AHrAnO-
TEHAaJAKeHH H TPHTANOTeHANKEHH W/IH TeTParajoreHalKaMbl, KOTOpLIe
apu AcHCTBHY KPOHKOR MIENONH OTIHERJARIOT raJoTeHOBOJOPOR:

OH-; t°
HCX=CHX————HC=C—X
OH=: 1° OH~—; #°
CX,=CHX ——~ X —=C=C— X +— — CHX,—CHX,

OH—
R—CH=CX,—*R—C=C—X
2. ®M3UYECKHE 1 XHMUUECKHME CBOYICTBA

Tanorerasnkuebl ¢ aTOMOM TajOT€Ha y TPORHONH CBASH APEACTABASIOT
cobolf GecnBeTHBIC rask HJAH XKHAKOCTH. Hanpumep, AuxJopaueruaex
gunut npr 32 °C. JHROAbHLIE MOMEHTH 3HAYUTENBHO NOMHKEHE OO
cpasHenuio ¢ ranoreHankenamu. Xaopauernner HC=C—Cl pmeer
RKHEOIbHbIEH MOMeHT 1,47.10-% Ka-um (0,44 D). 3ro cBuzmerenncTByer o
AanbHefilleM notxeHun moasipHoctd cesisu C—Cl.

Tlepenie TnpencTABHTENH pPsAla (XJOpalleTH/eH, NUXJOpaUeTH]IeH,
OpoMalleTu/ieH) BechMa HecTalHJ/IbHEL H SBAAIOTCA NHPOdOpaMu, T. €.
1pH CONPHKOCHOBEHHH € BO3LYXOM CaMOBOCHJAMEHRIOTCH. TpoiiHas
CBSI3b COXpaHsAeT CHOCOGHOCTh BCTYHATH B PeakLiul HPRCOSAHHEHUs:

X
H—CEC—CI+H-X—+CH==C<CI

Hg'+
R—C=C—Cl14H,0~—R—CCH,ClI
I
Hi3BecTHR peaKHHH HYKJCODHALHOIO SaMeIleHHs aToMa rajioreHa
y TpoRHOH CBA3H.

3, TAJJOHHEBBE COEINVHEHNA

TIpu KOOpAHHALMA HENONEJEeHHOH 3/MeKTPOHHOR Mapel aToMa rajoreHa

¢ Xap6GOKaTHOHOM MOTYT 06pa3oBaThCsl COJMH TaNOHHS (XMOpoHHR, 6po-

MOHHS, HOJIOHHA):
R-§£+R+Y——»[R—5§.—R1+Y-

(smecs Y~ — romnaexcuwit anuon: BFy, SbF7 u . a.).

Cosr XJ0pONHS H GPOMOHMSA OYeHb HecTaGHIbHH. CTabHIBHOCThL B
3HRYHTENILHOH CTENEHH ONpefiesisieTcs NPHPOAOH TOTO YIIePOAHOTO aTo-
Ma, C KOTOPHIM CBSI3aH aToM rajiorena. OTHOCHTeNBHO GoJiee CTaGURBHEL
COMM TaNoHHA, umeomue cBAsb X--C(sp?) (coMu AHAPUATANOHHA).

OG6pasoBaHue KaTHOHOB AHANKHJXJIOPOHHA M AHANKUIODOMOHUS B
pacTBopax ofHapyxkeHo MerufioM ITMP Toabko npi OueHbh HU3KHX TeM-
neparypax (—80. . .—120°C) B emecax R—F, R—Cl (R—Br) u SbF;
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(T. Ona):
RF4R—X 4 SbFy —» [Re=X—R]* SbF (X =Ci, Br)

Tpr —50 °C U BLULE 3TH KATHOHH HAYHNAIOT pasiaratbca, OrU fBe
JAAOTCA CHILHEHLINMH aJKUANPYIONIMMA peareHTaMH.

Bonee crabrabibl conu JUapUAXJOPOHHS H AuapuaGpomonns. Hx
MOYYAIOT ¢ RASKHM BHIXOJOM apUAHPOBAlIHEM rafloreHapeHos Gopdros
pPUAAMH ApeHAHA30HHA:

A
Ar—X¢ -+ [Ar—N = NJ* BF{ — [Ar— X —~Ar]* BF{ +-N; (X=Cl, Br)’

TIpenonaraeTcs, 4o B 3TOH peaKuuu oOpasyloTCsa aPUIKATHOHE Ar+,
KoTopHe apuaupyilorT rasorenapen (A. H. Hecmeanos).

Conu quapuax/JIOpOHHS N AHAPRACPOMOHHS — GECIBETHHIE KPHCTaT«
JIHYECKUE BOZOPACTBOPHUMBIE BEIECTBa, pasnaraiomueca apu 80-—100°C.
Oun ABAAIOTCA APHAHPYIOLUMH peareHTaMH.

ConH HOROHUA — HauGojee CTaCHJbHbIE H3 BCeX COeNHHEHHD rajo-
HHA.

JuankunmHOROHUEBHE COMH NONYYalOT NPM HUSKHX TeMAepaTypax!

R—1+4RF+SbF; — [R—I—R]* SbF7

HekoToprie AMaNKUIHOROHAEREIE COMN MOTYT GRTDL NOMYHEHb! B KpH-
crajnyeckom Bufe, vampumep (CH,)aI*SbFy. Onaako onu GHICTpO
pasnaraioTci NpH COHPHKOCHOBEEHM C BJaroi BOSAyXa.

HanGonee H3yueRHBIMH COJIAMH TaJIOHAA ABIAIOTCA COAH RHAPWIHO-
AoHHsI. OHR CTaOWIBHH R0 Temaeparypu 200 °C.

Conl AHAPHUIHOJOHHS NOJYHAIOT CAEHANBHAIME METONAMH HOJOHH-
popanus aperos coefuuenuamu I(III). Ilas sroil uenn DPHrOAHH
apunnogosuncoesunerna ArlY,, Tpuanuaarst noga I(OOCR)s n nono-
spaconu 10+Y-,

APUAHONOAUTICOCAHHEHHA MOJYIAIOT APH OKHCIEHHH MUOAAPEHOB
cuaphumu oxucanrenamu (Cle, H,O,, nepokcuxucaoramm):

Cl

1 1{

NS 7N/ N\l
e (]
| '

\

CH,COO0H (mexAopRox)Beitaoa
HEPOKCH YK~ #
CYCHAs KnC~ OH- } HCI
axq1a

0

i

OCCHs o©H-~

! | — 10
r\/ \OCCHg W avd

)

GeNHIHON0INIRH- HOACAMASE KA
aueTaT (AHALETOKCH saa
#or)Genson
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B npucyTCTBMM CHJIBHEIX KHCJIOT apu/HON03HJACOEAHHOHHs apHJI-
UOJIOHHPYIOT apeHhi:

/I(OOCCH3)2 N //\/1+\//\
| +|J%H§Q—+|H |ﬂ+mHﬁmm
N/ AN N/ HS0: X

Ora peakuus ABAALTCA 3MEKTPODHIBHBIM 3aMeIeHHeM, B KOTOPOH 5JIeK-
TPOHUAbHEIM peareHToM eayxar Arl*OOCCH, uau Arlz+,

[lpu peiicreuu Ha apennl KIO; u H,SO, o6pasyiotca Takxe HO0-
HHEBBIE COJH:

KIO,
— — ] — + .
.50, [Ar—I— Ar]+ HSO4

2ArH

Co/iH AHAPHTHOAOHHSA TIPEACTABAAIOT COGOH GeclBeTHbe KPHCTAIIH-
YeCKHE BeIl[eCTBA, PACTBOPHMEIE B Bojie. IIpH B3auMOAelicTBHA ¢ HYKJe0-
(bUIBHBIMI pEareHTaMH OHM BRICTYNAIOT B POJH apUAHPYIOUHX peareH-
TOB:

a

+ 6+
Ar—I—Ar+:Nu:— — Acl FArNuwz + X -

Paznnuue B cTaGHALHOCTH XJIOPOHHEBBIX, GPOMOHHEBLIX H HOJOHHE-
BLIX COeJHHEHMH OObBACHACTCA Pa3NUUHBLIM CPOACTBOM K 31€KTPOHY
(3/1eKTPOOTPHLLATENLHOCTEI0)  aTOMOB — TaJIOreHa. BTOPYIIIEBOAOPOILL
BOBCE He 00pa3yioT OHHEBLIE COENUHEeHHsA. JIerue BCero cBOIO 5MeKTpOH-
HYI0 Iapy KOOPAHHHPYET aTOM HOAA.

Co/ld 1MapuiHOJOHUA MCIOJNB3YIOT B OPraHMYECKOM CHHTE3E I
BBEJEHHS apHJAbHOH TPYNULl (aDHIUPOBAHHE).

dneMeHTOpPrannyeckue
COeJUHEHNS

B oprannyeckoil XUMHH BBIIEIAIOT 0COGYIO TPYNNY COENUHEHHI — Jje-
MEHMOpearudeckue coeOunents. B 3THX CORNMHEHHAX YIePOAHBI aToM
00pa3yer XUMHUECKYIO CBA3b C PA3JIHYHBIMH ADYTHMH 3JEMEHTAMH, He
CUMTasi aTOMOB BOJOPOJA, TaJlOTeHOB, KHC/IOPOJA, a30Ta H CepEl. ’

OOGLIYHO K 3/1eMEHTOPIaHHYECKHM COENHHEHHSAM OTHOCAT:

a) MeTalOpPraHHuecKHe COeJMHeHMS (CBS3Db C—wmetamn);

6) Gopopranuuyeckne coepunerus (cssisb C—B); '

B) KpeMHuMAOpranuueckue coefunendsi (cBasp C—Si):

r) dbochopopraHuyecKHe ¥ MbIILAKOPTAHHYECKHE COSTHHEHUS (cpsa-
81 C—P u C—As); '
C—HS)e cin%xﬂ){g)}fmecmre K TeJ1yDOPTaHHYECKHe COefvHeHHs1 (CBA3H

HeoGxomumo oT™eTHTs, 4TO 5TO fleneHHe OPranmuecKHX coeluHeHu

Ha 3/JEMEHTOPTaHUUYESCKHE H APYrHe HECTpOoroe H SBJSEeTCSI BechbMa
HCKYCCTBEHHBIM.
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Taa6a X
METAJJOPFAHUYECKUE COEJUHEHMS

MeTa 1 /IopraHiyeckhe CoeliHeHIs 00pasyloT 04eHb 60/IblIoe ceMeiCcTBC
OprannyYecKux CcoelHHeHHii. 3/ech OHH PaCCMOTPEHbI B NOC/€10BATE/b-
HOCTH pAa3MEeleHlsl MeTA/JIOB B MeDHOAMYECKOH CHCTeME B/IEMEHTOB
J1. Y. MeHjeneeBa: cnadyana COeIMHeHHs MeTalI0B [EPBOil IPYILI (Li,
Na, Cu), 3atem MeTaan0B Bropoii rpynmsl (Mg, Zn, Hg), Tperheit (Al),
yerseproii (Ge, Sn, Pb) n, HaxoHel, OpraHUYeCKHe COCAHHEHHs mHepe-
xoaubix meramios (Ti, Cr, Fe, Co, Ni, Pd, Pt).

A. COEAUMHEHUSA METAJIJICB NEPBOU I'PYNIIbI

Ha3BaHHs MeTalIOpraHMuecKuX COeIHHeHHI 006PasyioT OT Ha3BaHHA
YIJI€BOJOPOJHOTO OCTATKA M METaJsa.

HanGonee H3yueHHHIMH H BaXXHBIMH COEJMHEHHAMU STOH TpPYMIbL
ARISIOTCA JUTHII-, HATPHUHA- U MEAbOPraHHYeCKHe COeLHHEHHA:

CH;—Li CgHy;—Na CeH,CH,—Cu

METH/AHTHIL dernaHaTpUit 6e H3HIMEAD

1. JUTHHAOPTAHMYECKUE COEIMHEHHA

1. Meroap nonyuenus. JIMTHiOpraHHueCKHe CoeauHeHns oGpasy-
[OTCSl TIPH B3aUMOJENCTBHH MeTa/JIHYEeCKOTO JIHTHS C TaJIoTEHYT/IEBO-
JOPOAAMHU B PACTBOPHTEIAX, KOTOPhIE B3aHMOEHCTBYIOT C HOHOM MeTaJl-
J1a (CONMbBATHPYIOT META/IOPraHHYeCKoe COoelHHEeHHe), HanpHMep B TeT-
paruzpodypane, IHSTHIOBOM >pupe M Apyrux sdupax. Peakuuio npo-
BOAAT B HHepTHO# aTmMocdepe (N, Ar), uToOb H36exaTh PeaKUHH OKHC-
JIEHHs KHCJOPOJIOM BO3AYyXa:

R—X--9Li — R—Li+Li*X~ (X=Cl, Br, I)

Mexanuam peakuun cm. 1. VI 4.2,

2. dusnyeckHe cBOHcTBa M cTpoeHue. B uicToM BuAe auTHAOPTaHHU-
yecKHe COeAHHEHHs IPEICTARJSAIT co00ii GecUBETHbE KHAKOCTH HJIH
KPHCTATHUECKIE COENHEHHS C BHICOKOMH TemnepaTypoil Kulenus. Pact-
BOPAMbl B OPTAHHYECKHX PAaCTBOPMTENsX (3DHPEI, YIVIEBOAOPOADI).

B udCTOM Blife U B KOHIIEHTPHPOBAHHBIX pacTBOpax JMTHAOPTaHU-
yecKHe COEIHHEHNS [PeJCTaBMSIOT COOOH OJMHIOMEPHl — JAUMEpHI, TeT-
paMepbl, TeKcaMeps! (8-R—Li%*),. O6pasoBanHe TaKHX acCOLHATOB
o6bsicHsieTcl 06pa3oBaHHEM MHOTOLEHTPOBLIX MOJEKYJAPHBIX OpOHTa-
Jjefi, Tak kak csa3b 9-C—Li%* siBisieTcss CHILHONMOJAPHOMN, a8 KATHOH
Li+ uMeeT He3aMOJHEHHYIO OpOHTA/D.

3. Xumuueckke cBoicTea. JIuTuilopranuyeckue coenHeHHs OObIYHO
B 4HCTOM BHJE HE IOJYYaloT H He UCHOML3YIOT, TaK K4K OHH OYEHDb SHep-
rHYHO pearHpyiloT ¢ kucaopogoM, CO,, BONOH H MOXKET NPOHCXOJUTH
CaMOBOCIJIAMEHEHHeE.

VX mosy4aior B pacTBOPax M B PACTBOpPAX XK€ HCHOJB3YIOT A/l 1ab-
HefIUNX peakiuii. B pacTBOpax OJHrOMephl JHTHHOPraHHUECKHX COeNH-
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HeHHH HaXOJATCA B PaBHOBECHN ¢ COJBBATAPOBAHHHMH MOHOMEPAMH:

8- 8+  200(CH,), 68—~ &+ J(CiH,),
( —Lljg 4-_-:.._-_-_. uR_Li -
: O(CaHy)s

B cuibHO CONMBBATHPYIOUHX PACTBOPHTEAAX NPOHCXOAUT HOHIIALA

B ofpasyerca KapGaHHOH:
8- 8+ '
R—Li+42:Sol = R:~ +Sol;«Lit++«;Sol

8~ &+ )
Ceasp C—Li oyens noaspaa. I'lpu nepexoze or raloreRyraesoiopoies
K JITHKOPTaHUYECKHM COCAHHEHHAM DPOHCXOANT oGpamieHH e
NONAPHIANKMH YIIEPOAHOIO aTOMa OT KapGOKATHOHHOTO THOA
K KapGaHHOHHOMY THIY.

Bee peakusn JUTHAOPI2HHYECKUX COEMHIIEEHN ONPeeAsIOTCS HaaH-~
uHeM CHJLHOH nonspusauMy cpasy C—Li, rpanHuailel ¢ yorH3alMed
# 06pasoBaHneM KapGauuoHa. DTII COBAUHEHHS SBAIOTCA CHABHRRINUMK
C-ocropanusmu u C-nykieopnaamu. Jas HMX XapaKTePHE! PeaKuH C
PasNMuHEIMKE KMCJIOTAMH H JDYFHMH 3JEKTPOQHABHEIMH DearcHTamu.

JIuTuiiopranuyeckne cOeAHHEHHS AKTHBHO pearupyioT ¢ BOAOH,
CIUPTaMH, AMMHAKOM, AMHHAMH W JPYTrHMH COSTUHSHHAMH, HMEIOIBEMH

" MOABWKHHIA BOJOPORHHA aToM, T.e. AOCTAaTOMHO MONAPHYIO CBA3D

Y
H—-Y:
8= 8+ B+ O-
R—Li+H—Y—R—H+Li*+Y~-
B atux peaxmmx_oﬁpaaymca YTIEBOJIOPOL, M COOTBETCTBYIOILAS JIHTHE-
Bas coib. Hanpumep, npu peakuuu ¢ Bopoit o6pasyerca LiOH, ¢ amu-
EE%H oc?lgasymcsl amuan autus LiINHR, ¢ auetnaeroM — aueruneHua
iC=CH.

Peakuuu ¢ rajoreRHAaMH DasAHUHEIX SNEMEHTOB, B TOM 4HC/IE Me-
Taanos (SiCly, PCls, GeCl,, AlCl;, BCl, 1 ap.), upHBOAST K pasiilgsuM
SJIGMCHTOPFaHH'IeCKHM COEJHHEHUAM,

8- 8+ R-L1 R-Li
R—Li+3X, —+R—3X,_t+LiX—=R3X,,.0— it 1, &

Stu peaxﬁmg OCYLIECTBASAIOTCA 6Aarojapa CHIAbMOR NONRPHOCTI CBA-

3H X,,_@—X.
?a}KHOC MECTO 3aHHMAIOT PEAKUUH MPHCOEAUHEHHR K NOJAAPHLIM
ABOHHBIM H TpOﬁHHM CBA3AM (8ALAETHAR U KETOHHI, HHTpHJIH)Z

R2
8- 6+ RE 4+ &~ 5~
Mt NS e d S
Rﬁ/ l
R
ANKOKECHTIN JHTHA
8+
8= 8+ 8+ 6—~ R o_}'l
R— 1+R1—CEN-.-R>C=N

HMHHAT ABTHS
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B HeKOTOpPHX CAYYAfX MPHCORMUHEHHE MPOUCXOAUT TaKKe H K Ma-
JIOTONAPHEIM AN HENOMSPHHM ABOHHHIM CBA3AM C=C. 310, Kax npa-
BHJIO, XaPaKTEPHO /A COMPSKEHHBIX CHCTEM, HMEIOUHX MOBHILCHHOE
CPOACTBO K.2JEKTPOHY; HANpuMep, B cayyae CONPSIKEHHAIX JHEHOB (6y-
TAAHEH) TAKOE NpPUCOeJMHEHHE BHI3HIBALT .nonm{epuaauum no kapoda-
HHOHHOMY MeXalusMy:

o~ B+ ‘ 8- 6+
R-—L(-{-CH2=CH——CH=CH2—rR-—CHs—-CH=CH—-CHg—Ll —

CH,=CH-CH=CH;,4
————r .. > [Tonuxep

Tlpi OKMCACHMH ARTHHOPTAHIMECKHX COEAMHEHHIT KHCJAOPONOM BO3-
AyXa B PACTBOPEe KOHEUHHVH NPOJYKTAMH SBAMIOTCA CIHPTH (perodan)
B BHIE WX JuTHeBMX coaeil. [TpomexKyTOUHBIMH MPOJIYKTaMH SABAAKOTCA
FIAPONEPOKCHIR B HX COJH:

B~ 0+ 8- O+
R—1lil-0y—~R—0—0O-Li* —..; — R—0O—Li
ATKOKCHAR

{¢benonATL)

AHTRA

JluTHACpTAHHYECKHE COSJUHEHNS WHPOKO NPHMEHAKTCS B OpraHii-
GeCKOM CHHTE3¢ B KauecTBe IPOMEXKYTOYHbIX NPOLYKTOB. B TpOMBIILLIeH-
HocTH npiMenenue Hamen 6ytmnantui C,H,Li (B e pacTBopa B yr-
NEBOAOPOJAX) B KadecTse HMHANHBATOPA TOIHMEPHSALHH GyTanuena.
JIMTHIROPTaHHYeCKHE COEZMHEHHS TPUMEHAIOT Uil NPOMBIULIEHHOTO
CcHHTe32 ROMIVIEKCHRIX MeTa/tOpraHHyecKuX KaTanusaTopoB Aas CTe-
peoperyaspHoll DONHMEPHSALVMHE ANKEHOB, ANKA/HEHOB U alIKHHOB,

2. HATPUUOPIAHHYECKHE COEIJMHEHIIA

Harpuiiopraunueckue COSANHEHHS MOTYT OBITh NMOJTYYeHE! B3auUMoJeict-
BHEM TaJOreHYIeBOJOPOAOB © HaTpHeM (cM. cuuTes Biopua, ra. VII
4.2). B uncroM BHAE HATPUHAOPTAHUUYECKHE COSAHHENHA NMOAYIAIOT peaK-
el HaTpHA ¢ PTYTHOPraHHYCCKHMH COSTHIEHMAMMU:

&= 8+
CH;—Hg—~CH; -+ 2Na — 2CH3—Na+-Hg

AUMETHAPTYTS

Hatpuiioprasugeckie coefuieris obpasyiorcsa TaKiXe B pearuiy
HEKOTOPHIX YTAEBOAOPOAOD ¢ RosaimeiHoil CH-KHCIOTHOCTEIO (aueTiae-
HEl, TPHOEHH/AMETAN, UHKJIOMENTAAHEH) ¢ HATPUEM:

R —H 4 Na — R:=Na++1/2H,

Hatpuifopranuyeckne COGMUMHEHHA — KPICTAJIHYECKHE BEIIeCTBA,
B pAAy ajkaHoB GecHBETHHIC, B PAIY COMPSKCHHLIX CHCTEM OKpalleH-
Hbie. OKpacka coefuHeHMA OGYCIOBTeHA NPUPOAOH CONPAKEHHOIo
Kap6anuoHa. JTH COSHIHEHHA OYeHp UOAAPHLI H OOBIYAO HX CYUTAIOT
HOHHBIMY:

d- &+
R—Na 2Ri-Na*
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HaTtpuitopraunyeckne coefHHeHHsA O4EHb AKTHBHE — pearHpyioT ¢
BAArOfl BO3AYyXa B KHCJAOPOAGM, MOIKET HAG/MOATLCA CAMOBO3TOpaHHe.
OOruH0 MX ROAYYAlOT W HCMOMB3YIOT TOJABKO B PacTBOpaXx.

Herotoppie H3 HaTpufioprasHyeckHX COeJMHEHHHA NPHMEHAIOT
B KA9eCTBE WHHLHATOPOB ROJHMEPH3ALUH,

3. MEOIbOPTAHUYECKHME COEAWHEHUSA

1. Metoa noayuennd. Menp ¢ rajoreHyrJeROROpPOAGMH NPU OGHIYHOM
TeMAepaType He B3aMMOJAcHCTBYeT. Meap aABAAETCA MEFANIOM MajoaK-
THBHBIM, KPOME€ TOTO, €€ NOBepXHOCTb BCEra HOKPHTZ RJOTHBIM OK-
CHIHBIM C10eM. BO3MOXKHOCTb B3aMMOJEHCTBHSI MEAH C TafOreHRpOHs-
BOJIHHIMH HDH BBRICOKHX TEMREpATyp2X CROPHA, T2K KaK MeALOpraHnge-
CKAE COCANHEHMS TEPMHUECKH HeCTabunbRel. Jna noayyenns Meanopra-
HIYECKHX COCAMHEHHHA HCTONb3YIOT APYTHE AKTHBHBIE MeTa/JOprani-
YeCKHe COCAMHEHHS, HANpPHMEP JMHTHHOPraHHYecKHe:

8- 6+ CHOCH 8- 6+
R—Li4CuX “15-0°C R—Cu+LiX

HsBecTRH TOIbKO OpraHuyYecKHe COSAMHEHNS OJHOBANEHTHON Men.
Onn npeacrasisior co6oft GecuBETHBE HAH XKEATOBATBIE MaJOPACTBODH-
MEIC TIOPOLIKH. MeRtbOpraHHyeCcKHe CORAHREHNA CHABHO aCCOUUUPOBAHDL.

2. Xumuueckne cBOACTBA., Me/bOPraHHYECKHE COSAHHEHHSA TEPMH-
9eCKY HeCTAGHJABHB ¥ PACRajaAnTCA MO CBOGOAHOPAAMRATLHOMY MexXa-
HH3MY:

0°C
CgHa —-CI'.I __E“ Can‘ - CHSCHS +CH2 = CHE

OrtiocuTenbHO GOslee CTAGHABHEL COGNWHEHHS APHAMEIH, HAaRpUMEp
CeHsCu pacnapmaerca npu 50. . .60 °C.

OprannyecKHe COENHHEHHS MM YYBCTBHTENBHHI K ACHCTBHIO KHC-
JI0POZIa BO3NYXa, BOAM, CAHPTOB, KHC/IOT. JIETKO pearupyior ¢ ranoreH-
yri€BOJOPOsAMA M JDYIHMM Ta/IOTEHCOAEPIKAUUMH  COeNHHEeHHsMH
(R2npuMep, aUHATANOTEHHAAMU):

CH Br

CHs-CHs
CHs-—- Cu —
C.H,l
"‘C‘Hﬁ— CHs

0 o
CH,—Cu+C,H5-—C<CI-—>C.H3— % Gl

OcoBoe cpoeTBO MefLOPTraHHIeCKHe COCHHHEHHS HMEIOT K noxnpo-
H3BoaubM. [Ipennonaraercs, yro Cu (1) umeer GoMbLUIYIO TERTEHIHIO KO-
OPAVRHMPOBATLCA C ATOMOM HOAA.

AToM MemH B MERBLOPraHMYecKHX COGNMHEHHSX MMEET TEHACHIMIO
KOOPAMHMPOBATLCA ¢ NOHOPHEIMK yacTunamu. Hanpumep, npu Bsaumo-
EEACTBUH C JUTHAOPTAHHIECKHMH COSAMHEHHAMH 06pasyiorcs MeIBop-
TAHHYECKHE COCAMHEHHH HOBOIO THHRA — C ABYMA cBassmu C—Cu:
8- &%

R—Li4+R—Cu2 [R—Cu—R)-Li+
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DT coelyHEHUA HAsHBalOT aumuiduaskurcynpamanu. Onu X0-
POLIO PaCTBODHMHL M WCTIONL3YIOTCA B CHHTE3aX BMECTO COCAMHEHWH
R—Cu. Ilpu BsanmopeficTBHM € TralOTeHRPOH3BOAHBIMH MPOICXOANT
3aMeleHHe aToMA TajoreHa Ha ANKHABHYIO HJIH apHABlNYle rpym-
ny. Jlerko APOHCXGAMT MPHCOENNHEHHEsK ROJAPHOLN CBA3H C=C (em.
ra. XXVIIL. B. 3):45 A
[R—Cu—R]-Li*+Ri—X — R—R!+R—Cu+-LiX

Peaknuu ¢ KapGouuabuof rpynnoft aibReruf0B W KETOHOB 0ObIYHG
HAYT MeEJJIeHHO. .

Oco6oe MECTO CPEAH MeABOPraHHIecKHX COeARHEHNH 3aHUMaloT alle-
TuAeHuAN Memu (oM. ra. IV. 4.3), peakuuoHHas CIOCOGHOCTH KOTOPBIX
Mmenbie, yeM R—Cu, tie R — anxusa Han apHi.

B. COEJAMHEHKS METAJNJOB BTOPORA IPYTINBI

Opranngeckie cOgHHEHHA MSTA/LIOB BTOPOft IPYNNK MOFYT GbiTh JBYX

THMUOB: C ONHUM YIVIEBOZOPOAHLIM ocTaTKoM {cBsisk C—M) m IByMA

(cBsu C—M—C):

C,H;—Mg—Br CoHs—Mg—CeHs CiHy—2Zn—CH, CH;Hgl

STHAMATHHNSPOMKA nudeHmmargnfl AHOYTHATDAAK MET HAPTYTOHONIA
Haun6onee H3yYeHHHIMH ¥ BaXKHBIMHM SBJIAIOTCH MAFHIA-, UHHK- U

PTYTHOPraHAYecKHe COEHUHEHUS.

1. MATHUHOPTAHUYECKHE COEOIHHEHHA

1. Merozwt moayuenHd. MarpufiopraHugeckne COEINHEHHA HOoay%aloT
NpAMbIM B3aAMONCHCTBHEM MATHHUA B BUJE CTPYXKH ¢ raJoreHyrieso-
JOpOfiaMH, OOBLIYHO B PACTBOPE CYXOTO AMSTHJOBOTO 3PHpa HMIH TeTpa-
ruApodypana:
C,H,0CH

R-X.[.Mg f Sl 2 4 IR.—ng

91y peakuuo paspaboran ¢ppannysckuii xumuk B. Fpunbap (1901-—
1903) u oHa HOCHT ero uMa — peaxyus I'punbapa. MarHuiioprannyeckKne
COeJIMHEHHS 4acTO Ha3uBAT peaxmusamy Ipunsapa. 5

Peakius NPOHCXOAHT HAa MOBEPXHOCTH METaJs/1a, KOTOPHIA CJYXHT
9NEKTPOHOAOHOPOM, a CBA3b YMVIEPON-—TajJOreH — 3JIEKTPOHOAKLENTo-
poM. [TpoMexxyTOUHBIMR 9acTHUAME MOTYT ObITH CBOOOIHBIC pajuKalbl:
8+ 8- . - 8- .8 B
R— X:- Mg — [R=X:)-Mg. ¥ — R-4:X;:~ - Mg+ — R—Mg—X:

Brepsble a1a peakuus ObLia NpoBefeHa B cpefle 6eaponnoro (abco-
JIOTHOTO) ARITUIOBOTO 3hUpa, B KOTOPOM PacTBOPHAIOTCA MarAHAOprany-
yeckue coennienns. [loaxke GbI0 ROKA3aHO, ITO NPUMEHSTH MOXKHO
ApYTHe NpocThie S(PHPH, B TOM YHC/Ie LUKJIHUecKHe (TeTparuapodypan)
H TpeTHYHBe amuun, HanpuMep N,N-auMernnauunuw,

2. dusuyeckue H xumuueckre ceofictea. Mpumenenne. Maruufiopra-
HUYeCKHe COoeANHEHHA HCHOAB3YIOTCS! HCK/IIOYHTENLHC B BHIE PacTso-
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pos. Ouy Moryr OHTE NMOAYYEHH TAKXKe B CYXOM BHAE — OecilBeTHEIS
aMopEEIE HenJIaBKHe TOPOINKH, YYBCTRHTEJAbHHE K AefCTBHIO BO3ZY-
%a. B TBepAoM BHAe OHU HBJARIOTCA NOJHACCOUUYATAMH]

. ' ngl ’ ‘-X-. o

a .t o... . . . ., . .

M, Mg, Mg

Tonmaccounatuasn uenb 3Aech Haobpakena BeckMa NPHOMIKEHHO, TaK
Kak cessb Mg-«X oranyaercsa or cBAsu Mg+« R.

B pacTBopax MarHHHOPTAHMYECKHE COEAHHEHHS COJAbBATHPOBAHH
MOseKyaaMH SpHPOB RAH APYTrUX NEKTPOHOAOHOPHHX YaCTHIL

10(C:H
3. 5+ o oCoHs PR (C:Hs)s
R-MgX + 2100 == R—MgK
e 30(C:Ha)s

B ZelicTBUTENBEHOCTA B pacTBOpPAaX MarHHopraHAyeckHe cOeAHHEHH
npezcrasAgior co6oft Gosee CAOKHYIO CMech, COCTOAILYK) H3 COJMbBATH-
poeanaux RMgX, R.Mg, ux oanroMepos (RMgX), u (R:Mg), 1 mpo-
JAYKTOB UX B3aumogeficTBua ¢ MgXs, Ranpumep:

2R — MgX = R—Mg—R +MgX, = RMg-MgX,

HesaprcuMo OT CTPOEHNSA COSAUHEHHA B PacTBOpe NOJb3YOTCA 00HY-
HO mpocToft cTpyKrypoii RMgX, rie akuedTHpoBanbl CHAbHONO/SPHEE
¢BSI3H ¥ KapGOHHOHHAsi NPRPOJA YTAEPOJHOro aroMa:

6'- 3+ 6:.
R—Mg—X

Peakujau MarHUfOpranuvyecKHX coefHHEHH B QCHOBHOM NOAOGHEE
peaxuusaM JHTHAOPTaHHYECKHX CoefHHERHE, TONBKO aKTUBHOCTD RMgX
MeHbIIE H OHH MeHee YYBCTBHTEALHH K AeACTBHIO KHCAOPOAA BO3AYXa,
9TO NO3BOJAET OPOBOAUTH PEAKLHH B OORIYHEIX YCAOBHAX, 683 HHEPTHO-
ro rasa, 310 3HAYHTEJAbHC YNPOIIAET TEXHHKY SKCIEPHMEHTA H Ae/aer
MarHEfoprayHyecKue CoeNHHEHHA ONHMM H3 M3BECTHEHINMX PeareHTOB
B OPraHHUeCKOM CHHTE3e. .

JIerKo HAYT peaklHH ¢ cOefUHEHMAMH, COAEPKAIUMH NOABMRHHA
atoM BOROpOAA:

8- b+ &+ 8=
R—MgX4+H—Y —R—~H+Y—MgX

B 3t0fi peakuyun BHIEAAETC YIIEBOAOPOA ¥ 0BPA3YIOTCH COMY Mar-
BHA MAH JApDYrHe NPOMSBOJHBIE MarHHs.

Ecau B peakupr ncnounsyior CH,MgI, Bupeasierca meran. ITo
o0reMy BHJIS/IMBINETOC METaHa MOMHO KQJHYECTBEHHO ONPEAENHTH
COSJIHHEHHA © AKTHBHAM BOROPOAHAM aTOMOM (BOAY, CIHPTHI, THOJIM,
aMHEH, AUCTHJICHH H Ap.) — semod Yyeaesa — Ilepesumunocéa.

B cayyae aneTuneHoB H HUKIONEHTAAHEHA 3Ta PEAKUMsA ARCT HOBHE
MarHufioprasHIeckne coefHHEHHA, KOTOPHE MOLYT OhiTh HCMOMbh30Ba-
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o e Ty e

HE A9 JaAbHefaX CHHTES0B:
R—~MgX + R'~CmC—H ~—> R'—CmeC=MgX + R~H
PpearetT Houprsa

+
R-MsX + O —— MgX e R—H

SUHNOTENTAINCRIN
TANOICHMATTILA

Jlerko OCYUIECTBASIOTCA PeaKLui MarHufiopraHugecKux ﬁeiﬂﬂgi
HAfl ¢ rajJoreHHAAMH DA3/TUYHLIX SJIEMEHTOB () SN npnmnimﬁo K to-
BBIM SEMEHTOPTAHIYECKHM coefuHeHusM (Cp. peaKitd auraiop

QecKHX COERHIICHITH).
PeakTushl | pHHbAPa NPUCOSTHMHSIOTCA K NONAPHLIM ABOUHLIM H

TpofinbiM cBA3AM. B oprauHiecKoM CHHTe3e UIHPOKO chonbaym;b:—g

peakIMy ¢ JHOKCHAOM YI/epoa, afbJeruiaMy, KeToHaMH, HHTPHAAMUL
L4 ’ 0

8- & 8- &3+ &-

b fix+6=¢=6—r~cZ

OMgX
MaruHensie ComH
#apGOHOBH X KHCAOW
R
- I F.y-
S Nk >?:"= & R—d—omgx
2
R? llv
AAROKCAAR

MariHg
L4

_ . <

6— 8+ 3: 8- R _ Mg

R—MgX +RI—C=N-— R>C.—N/
MMHHATH MareHA

Peaxtnpul [prHbApa NpHHAZIEKAT K fanbonee BAKHEIM pearedras
OpPraHAYecKOro CHHTESA.

2. MUHKOPTAHWYECKHE COENUHEHNA

BnepBhle LYAKOPTAHHIECKHE COEIHHERNS OuAM NOJYUESHH! B ‘1849 r.
3. dpaHKIaHAOM NpH B3aBEMOJEHCTBUE IHHKa C STRAHOAUIOM:

zn+mzﬂgl —_— CEHg""Zn —Czﬂg +ang

JIusTuMIMAEK ORI NepBhIM MeTa/IOPraHHIeCKHM COeIHHEHHEM B HCTO-
uH OpTAHHYECKOH XUMHH.

P l‘agoreua.nxanm ¢ IHHKOM pearupyiorT XOpomio, HO MPOTEKAHHS pei-;l

aKIHH B CHJBLHOH CTENeny 3aBHCHT OT YHMCTOTH HOBEPXHOCTH UYHKOBO

MBM HJK CTPYKKH. BHHHITAJOTEHHAW H rajoreHapeHnl ¢ KHHKOM He
earupyIor. . )
P OGIL)[?;[M METOAOM NOJy9eHis MHHKOpraHuaeCKiX coeHHEeHHH an&a.

ercs peakouf’ JUTHHOPTAaHHYEeCKIX coeanHennil ¢ Ge3BOAHBIM ZnCl,e

2%{—1?,—1—2(@!, —» R—Zn—R +2Li +Cl-
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Tpocrefiune NUHKOPTaHUYeCKHEe COSAHHEHHS NPEICTABASIOT coGoit
GECHBETHRE HUAKOCTH ¢ BEChbMA HH3KHMM TeMNeparypamd KHl‘leHHﬁg
nanpumep CoHyZnC,H, xunur npu 116,8 °C. Sro CBH;’.{CTQ.HB;TB){:’;H-
TOM, YTO OMHKOPTaHMYECKHE COAHHEHUs B OTAHYWE OT MArHHHOPT.
YeCKUX ABASIOTCH HeacCOMHHPOBAHHBIME., M3BECTHL TAKKE COCAHHEHHA

= i}.
Rzrll.l.}im(x}f)pra[l;m%e)cnue COSIUHERHA OYeHb JETKO pearnpylor ¢ lmcng:
POLOM ¥ NPH CONPUKOCHOBEHHH ¢ BO3AYXOM NDOHCXOINT camonoa;-ggﬂ.
Hue (nupodopHbie COSMHCHKS). IRCNEPHMEHTE C YHCTRIMH LHHKOP -
YECKHMH COeJHEHHAMH SBIATCH ONAacHuMH. HecMoTps Ha 370, UAHK
OpTaHHYeCKNe COSAVHERHS HCTOPHUECKH 3AHUMAIOT BHIHOE MECTO B T1IO-
AyueHHH APYTHX 3/EMEHTOPTanHYeCKHX COSAMHEHNH, HampaMep:

8R3Zn 4 2AsClg — 2R3As 4-3ZnCly
3R,Zn 4 2BClg — 2R4B -}-3ZnCly

asanckas mKona xumukoB (A. M. Bytnepos, A. M. 3afiues,
C. I-II( Pethopmarckuit) BIHPOKO HCMONL30BANR HHHKOPraHHYECKHE COCNH-
nenun fas cuntesos (cM. ra. XXXIV. B. 1)

OH

o e ,
R_d(+:<(; +;"—§$_1§7—~»R—<|:<Em E:R—-CR:-:H
R’
o e
R—C<O +R1.—Zn-—R‘—+R—g‘-—R’
cl

AUHJIXAOPHIOH KeTOHB

LlunKopraHiyeckne cOefMHeHHS MeHee aKTHBHB, HEM Marauiiopra-
86— &+

Huueckne, cBa3b C—Zn meHee noaapHa. [losromy uﬂﬂxoprann:ecal;w:{e
coeannenus TpyaHo pearupyior ¢ COz, KeToHaMH, COXHBIMH sdupamMi,

3. PTYTbOPTAHHUUECKHUE COEIMHEHHUA

& coeJuHeHnA OBLIH
1. MeToam nomyyenus. Biepesie pTyThOPTaHHIECKH

nonyqeli: B 1853 r. D. PpaHKAAKOM NPU B3AUMOAEHCTBHH HOAAKAHOB
C PTYTBIO HAa COMHEUHOM CBETY:

o _
R—I+4Hg — R—Hgl
9R — Hgl — RyHg+Hgly .

a
Cuauana o6pasyloOTCsi aAKHAPTYTBHOAUAB, KOTOpHE NIPH BO3ACHCTEH
HEKOTODHX DEareHTOB MPEBpailialoTcs B AHANKHAPTYTD. OGpasoBanue
ANKHAPTYTHUOAMAA NOA ACHCTBHEM CBETA fAB/SETCH THAHYHON CBOGOAHO.
paiuKaabHOK peaKuuen:

v
R—=I1—>Re+tIe
R.+Hg — R—Hg:
R—Hg«+R—~1— R—Hgl4Re
R—Hg .+« — R—Hgl
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bonee shheKTHBHLIM METOOM NOJYYEHUS ABARETCA B3auMOAeficTBHE
FaJoreHyrieBoiopoloB ¢ aMaablaMol HaTpHS:

R —X 4 Hg(Na) — R—Hg—R

JlioBoe PTYTHOPraHUUECKOE COSAMHEHHE MOXHO TOAYUHTL, HCMO/be

aya Jpyrue, 6ojee &KTHBHbIE MeTaNdopraHHyeckue coejunenns (Li,
Mg, Zn, Al}, nanpumep:

2RMgX + HgCly —> R — Hg— R - 2MgXCl
H3BecTHE TAKXe MeTONbl ApAMOTrO BBEICHUA aTOMa pTYTI-I BMECTO

aToMa BOJOPOAZ B 31CKTPOHOAGHOPHEIC apeHh WM COCAHHEHUd ¢ HOA-
BIXKHBIM aTOMOM BOJOPOAA (peaxyus MEpKypuposanuis), HanpuMep:

D: D:
| |
oi? N6 7
' 4+ Hg(OOCCH)y—r ] + HOOCCH,
N N
HgOOCCH,

DnexTPOGHALHEIM PearenToM afech ABasterca Katuon +HgOOCCH;.
Hasectsnt peakumu npucoepnHenusr conedt pryt# X ABOHHBIM H
TPORHLM cBasaM (cm. ra. 11, 4.2.r):
H—C =C—H+ HgCly — CICH = CH — HgCJ

B-XJIODBEHNAPTYTh-
XNOPHA,

IIpouseonubie apuApTYTH moaygaor peaxumesi A. H. Hecmestnosa
H3 apeHiuasonHeBntx conelt (rn. XXV, A, 3).

2. ®usnueckme csoficTea. TIpoH3BOAHBLIE PTYTH ¢ OLHEM
YT1€BOJIOPOAHBIM OCTATKOM — OCLBETHBIE KPHCTALIHYECKHE COeNuHe-
nnA. CoeUHEHHS IMANKWJPTYTH HBAMIOTCH GECUBETHHIMH JIETKOMETY-
HYHMH XKUJAKOCTAMH. Bee pTyThOpraHHuecKue coefHHeHHS, OCOGEHHO
JIETKONIeTYUHE, 9pe3BhMaliHO AJ0BHTS,

Fpyanuposka C—Hg—C sBasercs anuneinoh: yroa C—Hg—C pa-
sen 180°, INonaprocrs cvasn C—Hg Hepeanxa,

3. Xmemuueckue <CBONCTBA M TNpPHMEHEHMe. PTyTh-OpraHUYecKHe
COCAMHEHNA BBHAY Manof noasphocte cBsisu C~—Hg nHeptHm no
OTHOIIEHHIO K TIOJISIPHBIM PeareHTaM, cTaGHABHB B BOAHMIX cpeaax.

Coepunenns RHgX B Hexoropofi cTemeHH HOHM3MPOBAHBL H RPOHC-
XoAnT ofMeH aHuouoB: RHgX-+Y-==:RHgY-+X-.

Meuniueli pacTBOPUMOCTbI0 06AAZAIOT HORMIM.

CBoeofpasHbiMil ABASIOTCS PEAKIMH CHMMETDH3ALUMH  JECHMMETPH-
3auuy NOA ACHCTBHEM PA3NHIHMIX PEATEHTOB:
2R — Hgl --2K1 — R —Hg—R + K,Hgl,

R—Hg—R--HgXs — 2R —HgX

Peakuyn ¢ 31eRTpopUABHBIME peareHTaMH, NanpumMep B3aHMOAESHOT-
BHE € KMCJIOTAMH, HAYT MeANCHHO, Ma10aKTUBHEIE CORHHEHUS ¢ OJHOM
¢BR3bi0 Hg—C pearupyor ¢ KMCAOTaMU TOABKO Mpn HAFPEBAHHM:

HCI
R—=Hg—R-+H+Cl- — R—HgCl+R—H —> 2R~H .- HgCl,
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B npuHUMOE MOXKHO OCYLIECTBHTHL PeaKHUH C TAKHMH pearentamn,
KaK TaforeHH, AlMJIXJAOPHAbLI, TaJOTEHUAR! S/EeMEHTOB IX,.

Meta/s 60/1e€ AKTHBHBIE, UeM PTYTh, BEITECHAIOT ¢e H3 coeAHHeHHIl
PTYTH H o6pasyioT Apyrue meraaaopranuveckue coepunesuns (Na, K,
Al n 2p.), Hanpumep:

8- 8¢ 8-
R ~Hg—R+2K — 2R:~K*--Hg
PryThoprannyeckde COeNHHEHHSt MOrYT GbITh MIHPOKO HCHOJAb3OBA-
Hbl B OPTAHHYECKOM CHHTE3€, HO 3TOMY MEIIAeT HX CUJIbHAA AJIOBHTOCTD.
Hekotopble pTyThOpranugeckHe CoefIHHEHHS HCIOAB3YIOT B KadecT-
e GbyHrHUHAOR, A TaKXe s Ae3HHGDeKUHH H NPOTPABAHBAHHSA CeMSH.

8. COEAUHEHUSA METAJJIOB TPETBEA TPYNAM

HM3BecTHH TPH IAABHLIX THNA OPTAHHYECKHX COSAHHEHUH METANM0B Tpe-
Toell rpynnei: RMX,, R:MX u R;M, rie M — Al, Ga, In, Tl, a X —
raqorenst, H, HSO,, OOCCR’, OR’ u Ap. V3BecTHE TaKKe COSRUHEHHA
C 4eTHIPEMR CBA3AMH yraepoi—-merana, HanpuMep [R All-Li+. Hau6o-
Jee BaXKHWIMH SBJASIOTCH aMIOMHHHAOpraHHdecKHe coennHerns. Hanpu-
mep:

CH3AICI, MCTHRAMIOMHRK I RHXROPHA
(CaHy).AH ASTHAARIOMUHARTHIPHA
{CsH,)3Al TPROY THIATIOMHHH T

[(CeHg)Al)=Li+ TerpasTinamoMuHUAANTHY, TETPASTHARMIOMUHAT JHTHS

1. MeTonn HOMyueHHN AMOMUHHHOPraHMveckHX coegMHeHHH. Biep-
Bhi€ AMIOMHHHIIOPTaHHYEeCKHe COeNHHEeHUus ObiH mosydeHnt B 1859 r.
DeRCTBHEM aJIOMHHHSI HA raforeHajdxanbl:

SRX +4-2A1 — RAIX,-+R,AIX

Oxnako onu He GbliiH BHIAEAEHH B YHCTOM BHAE. CoeUHEHHS THIIA TP~
anKusaJioMHHNA GBA BepBHE Hogayuelt B 1865 r. aeficrruem amomu-
HUS HAa PTYThOPTAHHYECKIE COSHHHEHHS:

3R,Hg -+ 2A1 —» 2R Al +3Hg

OTH COSMMHEHUA OKa3aJHCh YPe3BbUaHHO pPeaKUHOHHOCHOCOGHBIMA,
6ypHO pearHpoBan ¢ KUCACOPOJAOM BO3JyXa H BOAOH.

Jas nosnyveHus antoMHHHAOPTAHHYECKHX COSAHHEHHH MOTYT GBITH
MCNOALIOBAHK JAUTHH- H MATHUHOPTaHHYECKHE COSLAHEHHA:

3RLI4-AICl; — RpA(3Li+CI-

Pepomouitio B XHMRE aMIOMAHHAOPTAHAYECKUX COCAUHERHIT BbI3BAIO
otkpuiTHe K. Llnraepa (1955), Kotophill peakuuel- aIKEHOB U ANIOMUHHSA
B IIPHCYTCTBRH BOJOPOJA [IpH NMOBHINEHHEIX JABJAEHHH H TeMOeparype
(3—20 MITa, 60—100 °C) noayuun anoMHHUHOPraHHYECKHE COeAMHE-
Huf, HanpmMep:

SCI{2=CH=+ Al—l— I,SHg — (CgHg)sAl

Peakunu cnoco6eTnyeT JoGaBJIeHHE K PEARKLHOHHON CMeCH HeGO/b-

IOTe KOJHYECTBA TOTOBOro TPHITHAAMOMUHHA, [Ipeanonarawr, 4ro B
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STOH peakuuy MPOMEXKYTOUHBIMH NPOAYKTAMH ABJAIOTCA THAPHA aai0-
MHHAS U AJKAVATIOMHHUHTUADUAR, KOTOPLIE NMPHCOCAHHAIT STHAEH!

CH,sCH
9CHj = CHy+ AlHg —s (CyHg)pAIH ——2— (C3Hg)sAl
TlogofHEle peakiyun MPOUCXONAT H ¢ APYTHMHU AJNKEHAMHU:
3R —CH =CH, - Al -+ 1,5H; — (RCI{ ,CH,),Al

2. duauveckne ceoiicTea H cTpoeHne. AMOMHRHAOPraHHYECKHE COe~
ZHHEHRS —— GECIlBETHHE KHUAKOCTY H KPHCTANJIHUSCKHE BRIECTBA C OT-
HOCHTe/IbHO BBLICOKOI TeMAepaTypoil KUIeHHsA. STH COSNUHEHRS 00RO
TeperoHsOT B BaKyyme (Taba. 26). AMioMAHHAOPTaHHYECKHE COefRHE-

Tabauya 26. dn3nyveckne XOHCTAHTE HEKOTOPHX aNOMHMKIOPranHIecKHX
coepuneHni

CoelrAenne T. nn., °C T. ka1, °C 430
{CHa3)sAl 15 126 0,752
(CaHa)3Al —52 207 (paan.) 0,837

48—49 (133 Ila)
(CzHs),AIH —50 5860 (67 Ma) 0,808
(430-C4Hyg)sAl 4 32—34 (67 Ila) 0,786

HHSI ACCOUMRPOBAHL H 06PasyOT [VIABHLIM 06pasoM AHMepH MoHoMe-
PaMH OHM SIBJISIIOTCH TOJIBKO B pasGaBJeHHBIX pacTBOpax.

CeoeofipazHa CTPYKTypa ZuMepa TpumeTHnamoMnnas. B oatiofi mmoc-
KOCTH HaXOIATCS YETHIPE YIIEPONHBIX ATOMA YEThIpeX METHABHHX Irpyni
W 1Ba aTOMa ANKOMHHUA, A JBE MeTHALHLIE MPYNIK JeXaT B